Journal of STEM Teacher Education
Volume 56

Issue 2

Article 6

November 2021

Vol. 56-2 Complete Issue

Follow this and additional works at: https://ir.library.illinoisstate.edu/jste

Recommended Citation
(2021) "Vol. 56-2 Complete Issue," Journal of STEM Teacher Education: Vol. 56: Iss. 2, Article 6.
DOI: https://doi.org/10.30707/JSTE56.2.1649165366.299501
Available at: https://ir.library.illinoisstate.edu/jste/vol56/iss2/6

This Complete Issue is brought to you for free and open access by ISU ReD: Research and eData. It has been
accepted for inclusion in Journal of STEM Teacher Education by an authorized editor of ISU ReD: Research and
eData. For more information, please contact ISUReD@ilstu.edu.

Volume 56 | Number 2 | Fall 2021

Articles
1 Singaporean Pre-service Teachers’ Perceptions of STEM
Epistemic Practices and Education
Dominic Koh and Aik Ling Tan
31 STEM Major Perceptions and Persistence to Teacher
Certification
Chrissy Cross, Keith Hubbard, Dennis A. Gravatt, and Lesa
Beverly
51 Early Field Experiences for STEM Undergraduates: A
Possible Pathway into Teaching
Judith Quander and Timothy Redl
62 Community of Practice in Integrated STEM Education: A
Systematic Literature Review
Jung Han, Todd R. Kelley, Nathan Mentzer, and J. Geoff
Knowles

Editorial Team
Editors
Ryan A. Brown, Illinois State University
Allison Antink-Meyer, Illinois State University

Editorial Assistant
Stephen Poggendorf, Illinois State University
Caleb Zuiderveen, Illinois State University

Contact Information
Ryan A. Brown
School of Teaching and Learning, Campus Box 5300
Illinois State University
Normal, Illinois, USA 61790-5960
Phone: (309) 438-3964
Email: rbrown@ilstu.edu
Allison Antink-Meyer
School of Teaching and Learning, Campus Box 5300
Illinois State University
Normal, Illinois, USA 61790-5960
Phone: (309) 438-0193
Email: aameyer@ilstu.edu

Website
www.jstemteachered.org

ISSN: 19381603

https://ir.library.illinoisstate.edu/jste/vol56/iss2/6
DOI: https://doi.org/10.30707/JSTE56.2.1649165366.299501

Journal of STEM Teacher Education
2021, Vol. 56, No. 2, 1-30.

Singaporean Pre-service Teachers’ Perceptions of STEM Epistemic
Practices and Education
Dominic Koh
National Institute of Education
Aik Ling Tan
National Institute of Education
Abstract
Integrated Science, Technology, Engineering and Mathematics (STEM) education is
perceived to be the magic bullet for progressive and futuristic learning. It is widely touted
as a way to develop 21st century competencies and scientific literacy. Despite the
ubiquitous use of the term STEM, understanding of STEM education remains largely
diffused. This study serves as a first in contributing a Singaporean narrative on perceptions
of STEM education. To discern the diversity and prevalence of understanding of STEM
education, 16 undergraduate preservice teachers (PST) responded to a series of questions.
Out of the 16, nine PSTs were randomly selected for an interview to further elucidate their
perceptions. Responses were coded and organized with respect to a validated conceptual
lens. PSTs presented ideas that were similarly reported in other studies such as workforce
readiness and making interdisciplinary connections, suggesting some perceptions are
universal. New ideas such as STEM education transcending school contexts also emerged
from the data. Further, PSTs could distinguish the epistemic practices of science and
engineering to some extent. Their understanding of the knowledge-building processes in
each discipline appeared to be emerging with generally accurate descriptions of certain
epistemic practices. Some PSTs demonstrated ease in blending epistemic practices of both
disciplines. However, PSTs harboured some potentially limiting conceptions of
engineering such as a focus on physical products.
Keywords: STEM Education, Pre-service Teachers, Epistemic Practices, Perception

STEM, the acronym for Science, Technology, Engineering and Mathematics, has been a
buzzword in recent times. STEM education is seen as a way to create a globally competitive
workforce and to allow countries to maintain their economic competitiveness. This is particularly
so in the United States (Reeve, 2015). Today, STEM education still possesses economic
significance to prepare the workforce globally (Barakos, Lujan, & Strang 2012; R. Brown, J.
Brown, Reardon, & Merrill, 2011; Cinar, Pirasa, & Sadoglu, 2016; Honey, Pearson, &
Schweingruber, 2014; Lee, 2015). STEM education is also regarded as a means to develop
scientific literacy (Barakos et al., 2012; Honey et al., 2014) ─ students’ capability in utilising
scientific knowledge to understand current social issues. Scientifically literate students could
eventually become informed citizens who can make sound and informed judgements on the
issues affecting society.
Beyond developing a competitive workforce and a scientifically literate society, STEM
education is increasingly being regarded as a platform for students to learn and develop 21st
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century competencies (Bybee, 2010; Honey et al., 2014), such as teamwork and problem-solving.
Development of these competencies are important for students in order for them to become
effective workers in emerging industries. Indeed, Trilling and Fadel (2009) argued that one goal
of education in the 21st century is to prepare students “to be able to quickly learn the core content
of a field of knowledge while also mastering a broad portfolio of essential learning, innovation,
technology, and career skills needed for work and life” (p.16). The urgency to help students attain
the necessary skills to sustain the workforce of tomorrow is one of the reasons for the renewed
emphasis on STEM education.
Currently, the understanding and knowledge of STEM education does not parallel the promised
potential of STEM education. STEM education is generally not well understood by school
administrators and teachers (Brown et al., 2011). This could be due to “few direct measures of
integration…or of outcomes” and “absence of standardised measures of integrated learning”
(Honey et al., 2014, p.63) thus preventing teachers from appreciating the value of STEM
education. Additionally, different stakeholders may have a different take on what is considered
STEM education (Breiner, Johnson, Harkness, & Koehler, 2012). This results in various
definitions of STEM education that are inconsistent with one another (Siekmann, 2016). Without
a common understanding of STEM education and integration, inconsistencies will arise in
describing STEM programs and results (Honey et al., 2014). To design and conduct meaningful
STEM lessons, teachers take reference from current literature and syllabus outlines. In the absence
of a sound collective understanding of the characteristics and affordances of STEM education,
educators and policy makers can misunderstand STEM education policies and outcomes (Tan et
al., 2019).
There are various perspectives on how STEM education can be designed. The approaches
toward STEM education can be regarded as a continuous spectrum (Barakos et al., 2012) ─ each
discipline can be taught separately with no explicit integration to adopting a trans-disciplinary
approach. Along the spectrum, there are multiple configurations in which the disciplines can be
integrated. Bybee (2013) outlined nine different ways in which STEM integration is perceived and
cautioned that there could be even more ways of perceiving STEM integration. With a myriad of
choices available, confusion seems inevitable.
To better understand ideas about STEM education held by pre-service teachers (PSTs), we
adopted a case-study approach to investigate the conceptions and ideas held by preservice teachers
(PSTs) towards STEM education as both a construct and in context of Singapore’s education
system. The following research questions guide our inquiry:
1. What are the perceptions held by pre-service teachers (PSTs) towards STEM education?
2. How do PSTs compare and distinguish the epistemic practices of science and
engineering?
Context
STEM Education in Singapore
Singapore has started in her efforts in STEM education although integration of STEM
programmes into formal curriculum remains limited. Currently, STEM is a programme in school
under the umbrella of Applied Learning Programme (ALP). ALP is a national initiative to enable
students to find the relevance of academic knowledge in real-world contexts, increasing their
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motivation to learn the knowledge and skills in school (Ministry of Education, 2018). There were
68 schools running STEM as their ALP (Science Centre Singapore, 2018a). The Science Centre
Singapore has a STEM focused unit called STEM Inc. that specialises in promoting STEM
education in Singapore. It provides support to secondary schools in the running of STEM ALP
programmes in school (Science Centre Singapore, 2018b) and conducts workshops on designing
STEM education programmes for educators.
There are currently no integrated STEM courses in formal teacher preparation programme in
Singapore (Teo & Ke, 2014). Consequently, there are formally no “STEM teachers” in Singapore
who specialise in STEM education. Instead, teachers in Singapore usually specialise in two to
three teaching subjects. Pedagogical courses are centred on those specified subjects.
Interdisciplinary connections between subjects depend largely on course instructors. Given that
pedagogical methods courses at pre-service levels are to impart basic pedagogical knowledge to
PSTs, interdisciplinary connections may not be prioritised by instructors. Teachers rely on inservice courses or other external programmes by STEM organisations to learn about STEM
programmes.
Importance of Perception
Perceptions of a teacher appear to hold considerable influence on the teacher’s actions and
approaches to teaching. The relationships between perception and actions of the teacher have been
established in literature (Trigwell, Prosser, & Waterhouse, 1999; Wang, Moore, Roehrig, & Park,
2011). These intricate connections between perception, choice of teaching approaches used, and
the ultimate quality of students’ learning outcome is shown clearly by Cope and Ward (2002). This
implied that teachers’ perceptions of STEM education would likely have an impact on their
students’ understanding of STEM education as well as the outcomes their students can achieve
from STEM education. Given the chain of effects that can originate from teachers’ perception, it
would be useful to elucidate the views held by teachers toward STEM education.
Importance of Understanding Epistemic Practices
Beyond elucidating ideas of STEM education, another important aspect is to understand PST’s
ideas of the different STEM disciplines and their epistemic practices. It is crucial to understand
the different processes in which knowledge is constructed within each discipline in order to
connect and integrate disciplines meaningfully. These discipline-specific processes of knowledge
construction are termed epistemic practices (Kelly & Licona, 2018). Epistemic practices are
“socially organised and interactionally accomplished ways that members of a group propose,
communicate, evaluate, and legitimise knowledge claims” (Kelly & Licona 2018, p. 140). In this
study, the use of this term epistemic practices refers to the knowledge building processes unique
to each STEM discipline rather than STEM as a collective. These ways of knowing are useful and
salient when connections are established between the different disciplines. Not only that, epistemic
practices can outline the educational goals for the discipline and the rationale of the subject
(Cunningham & Kelly, 2017). Depending on the extent to which these practices of the different
disciplines synergise based on the learning task, the quality of the interdisciplinary connections
can be strong, moderate or weak (Tan et al., 2019). Within a learning task, the integration can
occur when one discipline e.g. engineering can used as a vehicle to drive learning of another
discipline’s concepts e.g. scientific concepts, with science and engineering being possible vehicles
for one another (Purzer, Goldstein, Adams, Xie, & Nourian, 2015). In order for teachers to use
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disciplines to scaffold the learning of another discipline appropriately while retaining meaningful
connections, their knowledge of epistemic practices must be sufficiently robust.
Among the four STEM disciplines, science and engineering are considered to be conceptually
similar (Lewis, 2006; Cunningham & Kelly, 2017). In fact, science and engineering “intersect,
mutually inform one another, and become less distinct” (Cunningham and Kelly 2017, p.489) and
share several features such as engagement with problem-solving and the subsequent stages that
follow (Schwarz, Passmore, & Reiser, 2017). The epistemic practices are extensive which would
be difficult to explain all in this paper. The epistemic practices of science and engineering are
explained in depth by Kelly and Licona (2018) as well as Cunningham and Kelly (2017) for each
respective discipline. However, since engineering is not a subject in the formal curriculum, most
teachers may not encounter engineering as a student. This lack of exposure to engineering may
result in confusion related to differences and similarities between engineering and science
(Blackley & Howell, 2015). This, coupled with conceptual similarity between science and
engineering, might pose difficulty for teachers to design meaningful integrated tasks.
Literature Review
Studies on teachers’ perceptions of STEM education is not entirely new. In this section, we
present the literature on definition of STEM education, teachers’ perceptions of STEM education,
and the instruments that have been developed to measure these perceptions.
Unravelling STEM Education
STEM education itself remains a muddled concept. One major and recurring source of
confusion is the level of integration. There are several proposed ways in which STEM education
is conducted, ranging from teaching the four disciplines (1) in silos – each discipline is taught on
its own with zero connection, (2) multidisciplinary approach – disciplines are taught with some
form of conceptual or epistemic overlap being emphasised, to a transdisciplinary approach –
concepts are taught in a holistic manner with boundaries between disciplines are disregarded
(Bybee, 2013). One version of STEM education that is gaining popularity is integrated STEM
education (Tan et al., 2019; Honey et al. 2014) in which the focus is on the epistemic connections
between these disciplines and using these connections to problem-solve complex, extended and
persistent problems. We believe that this shows the potential of STEM education and thus serves
as our “definition” on STEM education for this study. Within this definition, the scale of
integration among the four disciplines can vary. It is not necessary that knowledge and skills from
all four disciplines must be used. It is possible that one discipline is the dominant one whose
concepts and ideas are the main focus whilst the other disciplines provide skills or knowledge to
support the learning of the concepts of the dominant discipline (Tan et al., 2019). As such, for this
study, we focused on a version of integrated STEM education focusing on integrating science and
engineering with mathematics and technology supporting the former two in terms of basic
knowledge or skill application.
Teachers’ Perception of STEM Education
Research into teachers’ perceptions of STEM education have been carried out with either preservice or in-service teachers. For example, Radloff and Guzey (2016) as well as Cinar et al. (2016)
focused on pre-service teachers while others (Brown et al., 2011; Dare, Ellis, & Roehrig, 2018;
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Nadelson et al., 2013; Ring, Dare, Crotty, & Roehrig, 2017; Srikoom, Hanuscin, & Faikhamta,
2017; Wang et al., 2011) focused on in-service teachers of varying subjects and/or grade levels.
Apart from teachers, there has been research on STEM perceptions of university faculty (Breiner
et al., 2012) and even policy makers (Wong, Dillon, & King, 2016). One study by Holmlund,
Lesseig, and Slavit, (2018) had a wide-ranging group of participants as their intention was to assess
the relationships between participants’ work contexts and their perception of STEM education.
Methods to collect and record these perceptions are diverse. Some research studies opted to focus
on prior conceptions of participants (Cinar et al., 2016; Radloff & Guzey 2016; Srikoom et al.,
2017) while others decided to analyse changes in conceptions of participants with certain
intervention programmes (Holmlund et al., 2018; Nadelson et al., 2013; Ring et al., 2017; Wang
et al., 2011). However, such perceptions are purely theoretical and their impact on the teacher’s
practice may not necessarily be present. The phenomenological study by Dare et al. (2018)
revealed that teachers have trouble transferring theoretical concepts of integrated STEM education
into their practice. This suggests that contexts influence the perceptions being studied.
The popularity of STEM education did not mean that all educators are aware of it. Brown et
al. (2011) found that only half of the participants (teachers and school administrators) in the US
could define the acronym STEM. Incorrect responses from participants included descriptions that
were narrow such as “just integrating computer technology into a classroom” or misguided such
as “a program for either students with disabilities or gifted students” (p.7). Srikoom et al. (2017)
reported “limited awareness” (p.14) among in-service teachers in Thailand where 85% of the
participants had not heard of STEM education. This lack of awareness is not specific to teachers.
Even at the highest levels of learning and research, there are members who may not know STEM
education. Breiner et al. (2012) reported 72.5% of university faculty participants were able to
describe STEM with the remainder admitting to not knowing STEM. One cannot assume that every
educator is aware of the term STEM education despite being in the education service. There also
appears to be no connection between personal factors and experiences with a teacher’s perception.
There is little evidence to suggest a connection between the demography of the participants with
their conceptions (Radloff & Guzey 2016; Srikoom et al., 2017). Besides personal factors, teachers
with similar workplace roles and professional contexts hold different interpretations (Holmlund et
al., 2018). Additionally, in an extensive meta-analysis by Margot and Kettler (2019), a lack of
consistency between teaching experience and perceptions on STEM education was reported. This
indicates that a teacher’s perceptions of STEM education are not in any way influenced or
dependent on their background.
The understanding of STEM education is also varied. For instance, Srikoom et al. (2017)
showed the sheer variety of interpretations STEM education held by teachers. Descriptions include
STEM education being an integrated program, a teaching approach, a science and mathematics
focused approach or an inquiry-based approach. Srikoom et al. (2017) reported variation in inservice teachers’ views towards integration of STEM, with a majority viewing STEM education
as transdisciplinary. They also noted that the same individual could perceive STEM as
“overlapping across disciplines” (p.14) despite saying STEM education to be transdisciplinary.
Radloff and Guzey (2016) reported a diversity of definitions provided by teachers. Four themes
emerged from their study ─ Instruction, Discipline, Exclusion and Integration ─ of which the
authors reported a huge majority defined STEM education “from an instructional perspective”
(p.765), which included problem-based learning or student-centred instruction. Radloff and Guzey
(2016) also reported a high degree of “variation in the visual and textual conceptions of STEM
education” (p.771). The most frequent visualisation was that of an interconnected nature where
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there are connections between the various STEM disciplines. In another study by Wang et al.
(2011), teachers believed that the STEM disciplines are connected conceptually or through
different processes. In particular, the process of problem-solving was picked out as a key factor in
integrating disciplines. In the study by Cinar et al. (2016), they reported themes related to aspects
of development, “learning process” as well as “interdisciplinary interaction” (p.1482). Ring et al.
(2017) similarly reported practitioners holding various models of STEM integration but these
conceptions were sensitive and are amenable with exposure to professional development
experiences.
Another observation that researchers made about STEM education is that the importance of
STEM education is not necessarily guaranteed. In the study by Brown et al. (2011), 75% of their
participants agreed STEM education was important as they appreciate that it would be beneficial
for students to learn the connections between disciplines and learn skills. The remainder who
disagreed opined that STEM education was not suitable for all students. This prompted Brown et
al. (2011) to investigate the existence of “universality of STEM education” (p.8). Participants who
believed STEM education was for all students explained along the lines of problem-solving skills
that STEM education was supposed to promote and the importance of such skills in society. For
participants who did not believe it is for all students, they explained the “academic needs for STEM
education” (p.8) prevents every student from benefiting from STEM education. The proportion of
participants who support an equitable image of STEM education differ from study to study. Cinar
et al. (2016) reported a sizeable number of the pre-service teachers expressed the STEM education
is for any child “of any age” (p.1483) as they saw numerous benefits to students in developing
competencies and “career guidance” (p.1483). On the other hand, Holmlund et al. (2018)
mentioned a low proportion of their participants, who were educators, administrators or business
stakeholders, thought STEM education was for all students. The value of STEM education appears
to be context-specific and their valuation of STEM education could be some way dependent on
the circumstances that they are in.
Adding onto research focussing on the conceptual understanding of STEM education,
Nadelson et al. (2013) focused on teacher confidence and efficacy in teaching STEM and found
positive correlation between knowledge of STEM with confidence and efficacy in teaching STEM.
Self-efficacy is, in a way, a perception held by an individual specifically on their ability to do
something. Studies on teacher self-efficacy is important as it affects the teacher’s willingness to
engage in STEM education (Margot & Kettler, 2019). Nadelson et al. (2013) also reported a lack
of association between teaching experience with knowledge, confidence and efficacy in teaching
STEM. This supports the idea that personal factors do not have a role in teachers’ capacity in
engaging STEM education, much like the findings of the other research (Radloff & Guzey, 2016;
Srikoom et al., 2017).
Beyond conceptual understanding, value and challenges in implementation, perception studies
also delve into the challenges and tensions teachers have with STEM education. Cinar et al. (2016)
elicited issues related to infusing STEM education as part of the curriculum. These issues included
supply of resources, time management and “definition directives” (p.1484) and were similarly
highlighted by Margot and Kettler (2019) who classified them as curriculum and structural
challenges. Other hurdles raised included pedagogies, student profile and the lack of assessment
and content knowledge for STEM education. Collectively, there is a constellation of unique
research on STEM education perceptions, each providing a unique view of STEM education. The
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findings in these research pieces would assist us in making sense of Singaporean PSTs’
perceptions.
Instruments Measuring Teachers’ Perceptions
To better understand teachers’ ideas of integrated STEM education, various instruments were
created. Most of the aforementioned studies took a more grounded approach, constructing general
themes based on the data collected. Due to the subjectivity and dynamic nature of perception itself,
it would be useful to apply validated instruments that can function as a “yardstick” to make better
sense of the perceptions and provide a valid structure to other subsequent data. For this purpose,
we performed a second search on literature that describe the validation of instruments.
A study by Mobley (2015) detailed the development of the SETIS instrument that measures
self-efficacy of science teachers to teach science within an integrated STEM framework. Through
the instrument, Mobley (2015) was able to construct a model made of three factors – social,
personal and material – with each factor being further described by several constructs such as
teaching experience, access resources and so on. The model could explain 62% of the variance.
The author also reported the instrument to have acceptable validity using a series of statistical tests
as well as acceptable reliability with Cronbach alpha values ranging from 0.878 to 0.917 for the
three factors. These indicated the relationships between the constructs identified were at least not
tenuous.
Smith, Rayfield and McKim (2015) also conducted a study based on self-efficacy and social
cognitive theory, to investigate the perceptions and confidence levels of agricultural teachers
towards integrating STEM education. They constructed a survey instrument which was validated
by an expert panel and results were considered reliable as their Cronbach alpha’s value was above
0.70. Findings from Smith et al. (2015) mainly focused on teacher’s ranked importance of STEM
disciplines, their perceived confidence in integrating and the type of instruction that they are likely
to utilise.
T. Nguyen, V. Nguyen, P. Lin, J. Lin, and Chang (2020) investigated the perceptions of
Vietnamese teachers towards STEM education. Nguyen et al. (2020) constructed their instrument
on the premise that perceptions of teachers towards STEM education can be attributed to three key
sources broadly named STEM education, STEM competencies and STEM difficulties. The authors
reported these sources could account for 64.35% of total variance in their data as well as validated
through a combination of statistical tests. They further found that these sources contribute to a
teacher’s perception through principal component analysis and “Varimax with a Kaiser
normalisation rotation method” (p.1536). Furthermore, they reported their Cronbach alpha values
for each construct to be 0.764, 0.919 and 0.774 respectively, which were within the acceptable
range to consider the instrument as reliable.
Given the growing literature of perceptions on STEM education, the intention of this study is
to supplement the existing literature with a Singaporean narrative. To our current knowledge, the
perceptions of Singaporean PSTs regarding STEM education have not been researched. It would
be meaningful to utilise an existing, validated framework to filter and organise the perceptions as
well as to make comparisons of Singaporean PSTs against those mentioned in current literature.
For this purpose, we utilised the structural framework presented by Nguyen et al. (2020). Their
framework provided a very comprehensive overview of the possible constructs that contribute to
the teachers’ perceptions towards STEM education. The constructs covered not just the general,

7

Journal of STEM Teacher Education

Volume 56, Issue 2, Fall 2021

abstract conceptions about STEM education, but also the practical aspects of competencies and
challenges associated with STEM education. These constructs are broad, which allows the
constructs to be malleable and tailored to this study’s purposes.
There are three key constructs identified by Nguyen et al. (2020) that have shown to contribute
to a teacher’s perception are STEM education, STEM competencies and STEM difficulties. Nguyen
et al. (2020) did not precisely define these constructs, but described the question items that
correspond to each construct. As such, we attempted to re-define these constructs by first outlining
the ideas Nguyen et al. (2020) mentioned, before presenting with our description based on the
former.
According to Nguyen et al. (2020), STEM education describes the theoretical bases of STEM
education, namely: (1) teaching skills and knowledge related to STEM industries, (2) degree of
integration of the four STEM disciplines and (3) scientific inquiry and engineering design are the
two factors influencing STEM education. We concur with what was mentioned by Nguyen et al.
(2020). The primary goal of STEM education was originally to prepare students to become part of
the STEM workforce. Honey et al. (2014) noted this as a goal of STEM education, termed
workforce readiness. We thus refine this aspect as Workforce readiness. A current issue with
STEM education is the level of integration that is expected of STEM education. As mentioned,
Bybee (2013) outlined a spectrum of possible configurations which introduces confusion to what
STEM education means. Underlying these configurations is the establishment of meaningful
connections between disciplines. This is another goal of STEM education, which is noted by
Honey et al. (2014) as “the ability to make connections” (p.36). These connections ought to be
meaningful in the sense that they enable improvement in learning experience and quality for the
students (Honey et al., 2014). In light of this, we refine the second aspect as Making connections,
which covers whether PSTs could recognise the act of connect ideas and process skills among the
different disciplines in STEM education.
The third aspect of scientific inquiry and engineering design being factors of STEM education
alludes to pedagogical frameworks to design lessons. Engineering design, scientific inquiry and
problem-based learning have been used in various STEM education efforts over the years (Honey
et al., 2014). For example, Tan et al., (2019) constructed a STEM model using engineering as the
pedagogical backbone. However, details of this third aspect were not explored in detail by Nguyen
et al. (2020). As this discussion of pedagogical frameworks of scientific inquiry and engineering
design aligns towards our second research question, we aim to explore this aspect in terms of how
PSTs understand disciplinary processes in knowledge construction as well as recognise and
differentiate epistemic practices. As such, we re-framed this aspect as Epistemic practices. Finally,
Nguyen et al. (2020) mentioned the boundaries of technology as a discipline by specifically asking
whether technology is restricted to the tools used in the classroom. This is a very specific aspect
of technology, which ultimately impacts the degree of interdisciplinary connection that can be
established with technology. As such, we subsume this under Making connections. We
summarised our descriptors in Table 1.
The second construct STEM competencies was described by Nguyen et al. (2020) to include
(1) skills related to STEM industries, (2) critical thinking, (3) problem-solving skills, (4),
collaboration and (5) engineering design. As mentioned, STEM education has been advocated as
a platform for students to develop 21st century competencies (Bybee, 2010; Honey et al., 2014),
making it a crucial construct that could influence how PSTs view STEM education. Competencies
referred to “a blend of cognitive, inter-personal, and intrapersonal characteristics that may support
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deeper learning and knowledge transfer” (Honey et al., 2014, p.35). Some of these competencies
include critical thinking, problem-solving and collaboration (Honey et al., 2014). As such, we regrouped all of these traits under a single category 21st century competencies. We disregarded the
skills related to STEM industries since these aspects were accounted for under the construct STEM
education as “teaching skills and knowledge related to STEM industries”.
The third construct STEM difficulties was described by Nguyen et al. (2020) in terms of: (1)
ideation, (2) “enhancing integrated knowledge beyond the major” (p.1537), (3) assessment, (4)
curriculum issues and (5) materials and equipment.
This construct deals with the barriers to implement STEM education in schools or challenges
teachers foresee in carrying out STEM education. Indeed, teachers saw lack of STEM-specific
assessment, curriculum structure, knowledge of STEM disciplines and administrative issues such
as timetabling as potential barriers to implement STEM education (Margot & Kettler, 2019).
Without access to assessment that provides direct evidence of student learning, limited
understanding of other disciplines, the tension with the existing curriculum outcomes and structure
as well as the perceived lack of support by schools and districts were perceived as challenges that
teachers might face in carrying out STEM education. As such, we have accepted these aspects,
redefining them as Lack of STEM-specific assessment, Limited knowledge, Tensions with
curriculum outcomes and structure and Limited school support as seen in Table 1.
It is noted that these aspects of STEM difficulties primarily refer to teachers and not about
possible challenges faced by students. It was reported by Brown et al. (2011) that not all teachers
and administrators believe that STEM education is for all types of students, with several
justifications made by the former such as acquisition of certain competencies or knowledge.
Whether students can engage in STEM education may pose as a challenge for teachers as it could
persuade or dissuade them from implementing in the first place. To convey this aspect, we defined
a new descriptor Student readiness under STEM difficulties. Student readiness covers any idea
pertaining to whether students are able to learn in a STEM education lesson.
The other instruments by Mobley (2015) or Smith et al. (2015)) are meaningful in their own
right. However, these instruments focused on a specific aspect of teacher perception – self-efficacy
– or are based on a specific field – agricultural education. In our study, we adopt a broader, general
lens that is unbounded by a specific theory to examine perceptions. Due to these fundamental
differences, the instruments by Mobley and Smith et al. do not fit well into our purposes for this
study.
Research Methods
This research adopts a qualitative case study whereby the boundary of the case is defined by
the community of PSTs.
Participants
Sixteen PSTs enrolled in the four-year Bachelor of Science (Education) programme at the
National Institute of Education (NIE) participated in the study. PSTs specialising in one of the
sciences (biology, chemistry, physics) or mathematics were selected for this study. Such a
selection was done as PSTs who are going to teach subjects as science and mathematics teachers
would most likely be deployed for STEM education lessons compared to non-science or non-
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mathematics teachers. PSTs from both primary (seven participants) and secondary (nine
participants) teaching tracks were involved in the study.
Table 1.
The three constructs highlighted by Nguyen et al. (2020) with the re-framed descriptors that comprises
each construct.
Construct
Descriptor

STEM education

STEM competencies

STEM difficulties

Workforce readiness
Preparing students for STEM workforce in terms of skills and
knowledge
Making interdisciplinary connections
Recognising and connecting concepts and process skills among
disciplines
Epistemic practices
Disciplinary processes in knowledge construction
Recognising and differentiating respective epistemic practices of
science and engineering
21st century competencies
a blend of cognitive, inter-personal, and intrapersonal characteristics
that may support deeper learning and knowledge transfer
Lack of STEM-specific assessment
Assessment is an obstacle in which it does not clearly illustrate student
understanding
Limited knowledge
The level of knowledge of the other disciplines beyond one’s own is not
sufficiently deep
Tensions with curriculum outcome and structure
Mismatches between outcomes and lesson structures for STEM
education and existing curriculum
Limited school support
Minimal or lack of resources, materials and support provided by the
school for STEM education endeavours
Student readiness
Concerns regarding whether students are able to learn in STEM
education lessons

Participants ranged from their second year to fourth year of undergraduate studies, possessing
different levels of exposure to classroom teaching. Second-year PSTs had a two-week school
experience in which they mainly observe school lessons. Third-year PSTs had completed the
aforementioned school experience as well as a teaching assistantship in which they observe lessons
and engage in co-teaching. Fourth-year PSTs would have completed all the above as well as at
least one practicum in which they taught classes independently. The varying levels of exposure to
teaching may influence the PSTs’ views on STEM education and thus important to include a range
of PSTs from the different years of study to uncover the repertoire of perceptions that might exist.
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Data Collection
To elicit these opinions and glean their understanding, we first collected responses to several
questions on various aspects of STEM education. After reviewing the responses, we narrowed to
specific questions in accordance to the three constructs mentioned earlier. Table 2 below shows
the alignment of the questions to each construct.
Table 2.
A list of questions that were narrowed down for closer analysis and aligned to each construct.
Construct
Questions

•
•
•
•
STEM
education
STEM
competencies

•
•
•
•
•
•

STEM
difficulties

•

Can you describe what STEM education is about?
What do you think the objectives of STEM education are?
How important would you think STEM education would be to have it integrated
into current curricula?
Which of these, would be a definition of STEM education? Why did you choose
this definition?
What constitutes content for Science as a discipline? What ideas or concepts are
taught under Science?
What constitutes content for Engineering as a discipline? What ideas or concepts
are taught under Engineering?
In the following questions and statements, please determine whether the question
is meant to promote thinking from a science perspective or engineering
perspective.
Can you explain why you have chosen as such?
What is the difference between Science and Engineering? Or is there a similarity
/ resemblance between the two?
Why do you think that STEM education is not prominent despite what is being
mentioned in the preamble at the beginning of this section?
Is STEM education for ALL students?

To better understand the written responses, semi-structured interviews were used. The
interviews primed PSTs to look inward into themselves on their understanding. PSTs had the
platform to construct and share the reality that they allow researchers to have access to. This aided
in identifying and reinforcing salient ideas as well as highlighting any inconsistencies in the PSTs’
understanding.
There were three segments in the interview. Firstly, PSTs were asked to describe STEM
education and the sources that they learn STEM education from. Secondly, PSTs were provided a
selection of “definitions” (see Appendix 1) and were asked to select and explain the one that
appealed the most to them. The discussion that followed provided ideas on features of STEM
education that appeared salient to PSTs. Thirdly, PSTs were asked to describe their perceived
differences and similarities between science and engineering. PSTs were subsequently provided
with a list of statements (see Appendix 2) that describe some epistemic features and processes in
science and engineering. PSTs were asked to identify and justify which statements they think
belonged to science or engineering. Justifications provided by PSTs were used to validate the
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PSTs’ earlier conceptions as well as to identify additional ideas associated with epistemic practices
that PSTs may have left out. Interviews were audio-recorded and transcribed for analysis.
Data Analysis
Although studies on PSTs’ perceptions on STEM education have been conducted in other
countries, differences in social and immediate school context may produce differing ideas and
understanding about STEM education. As such, directed content analysis was our analytic
procedure as the goal of this analytic framework is to extend conceptually to existing research on
teachers’ perceptions on STEM education (Hsieh & Shannon, 2005).
In directed content analysis, the first step is to identify “key concepts or variables” (Hsieh &
Shannon, 2005, p.1281) from previous research to be used as initial coding categories. For this
step, we used our aforementioned theoretical framework based on Nguyen et al. (2020). We have
highlighted the three constructs and outlined several descriptors belonging to each construct. These
descriptors form our starting set of coding categories. Codes generated from prior research or
frameworks are known as provisional codes (Saldaña, 2013). The PSTs’ responses to the questions
and interviews were coded using the provisional codes by identifying words, phrases or short
statements from the responses that relates to the same idea conveyed by the code. If there were
codes that convey a new idea that cannot be subsumed under the existing categories, a new coding
category would be created. This constitutes the first cycle of coding.
Next, we performed code-mapping (Saldaña, 2013) which was to re-organise the codes
generated from the first cycle into preliminary provisional code categories and new categories that
emerged from the responses. This was to structure the codes such that it would provide a brief
glimpse in the themes that possibly exist in the data. Thereafter, we performed elaborative coding
(Saldaña, 2013). Elaborative coding involves using theoretical constructs from previous studies
and refines these constructs. As we have based our theoretical lens and the provisional codes from
Nguyen et al. (2020), elaborative coding is relevant. As the name suggests, we attempted to expand
the descriptions for each descriptor. To do this, we paid close attention to the ideas presented in
the codes and further re-grouped the codes with similar ideas together to form a distinct idea for
each descriptor. This is particularly important as the responses provided by the PSTs hold several
ideas that can be classified under different categories in different constructs. By engaging in
elaborative coding, it would “sharpen” the lens by providing further detail to each descriptor,
thereby creating a much fuller picture of the teachers’ perceptions on STEM education.
This process of re-grouping was also performed on the codes that did not belong under a
provisional code during the first cycle of coding. In this case, the coding serves not to elaborate an
existing provisional category, but to seek out a distinctive and salient concept held by these codes.
Findings
Prior Knowledge and Experiences with STEM Education
There were no formal STEM education courses for PSTs but 14 of the 16 PSTs have heard of
the term STEM education. Only two revealed that they never heard of STEM education. For those
who have heard of STEM education, they highlighted a diversity of sources from which they read
about STEM education. This ranged from newspaper articles to journal articles. When asked to
provide examples of STEM education in Singapore, PSTs suggested a variety of examples of
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varying sophistication. Some mentioned generic, if not stereotypical, examples such as “Teaching
students coding” (Erica) or “Robotics” (Sherry). One PST, Rene, gave irrelevant examples of
“Project based learning, cooperative learning, assessment for learning?”. On the other hand, there
were PSTs who provided very specific examples. For example, Penny mentioned “Applied
Learning Programme (ALP), Singapore Science and Engineering Fair (SSEF)” while Stacy
suggested “school science competitions such as Elementz”. As mentioned, schools in Singapore
could choose STEM education as their focus in their ALPs. The SSEF is a national competition
jointly organised by several institutions in which students present science or engineering projects,
with research topics spanning across the different areas of science and engineering (Science Centre
Singapore, 2020). Elementz is a local competition that aims to “promote science, technology,
engineering, and mathematics (STEM) culture for local and overseas students” (Anderson
Serangoon Junior College, n.d.). At this point, it seems that there is a huge variation in terms of
prior knowledge of PSTs, ranging from those who have faint or vague ideas to those who have
more elevated understanding of STEM education.
The next aspect of PST’s background that we looked into was their prior learning experiences
involving STEM education. Margot and Kettler (2019) reported that teachers who have prior
experiences with instructional methods used in STEM education initiatives facilitate success in
STEM education efforts. These experiences allowed teachers to understand the cognitive processes
involved in STEM education and the confidence to teach it. In this case, the prior experiences
should also affect the PSTs’ understanding of STEM education and thus, the quality of ideas they
could offer. Understanding these prior experiences provides a context that allows us to better
understand the sophistication of the ideas of the PSTs.
The majority of the PSTs in this study did not encounter any form of inter-disciplinary
activities in both pre-university and tertiary classrooms. For those who have engaged in such
activities, they were able to provide concrete examples. One PST, Yolanda, mentioned that
“Chemistry, biology and physics were integrated to teach the topic of kinetic theory of matter. This
is was done in a research of a senior specialist whom I followed during my internship.” Two PSTs,
Aida and Cath, highlighted the explicit integration of two disciplines in their university courses.
Aida said that “Computer Analysis, which integrates Mathematics and Technology. This module
teaches us how to do some basic coding, hence, we have to use both technological and
Mathematical knowledge.” Cath said “In biostats and ecology, we have to make use of our ecology
knowledge and statistic knowledge.”. On the other hand, some PSTs suggested activities that
sounded less related to STEM education. For example, the PST Glenda, mentioned “A debate on
the human genome project” and the PST Stacy said “I had to do problem-based solving in a
humanities subject”. The experiences highlighted by these PSTs were either irrelevant or did not
have obvious STEM elements. This, together with the majority of PSTs not having engaged in any
inter-disciplinary activities, indicates a lack of rich experiences this group of PSTs has.
PSTs’ Ideas on STEM Education
To address our first research question on the perceptions held by Singaporean PSTs towards
STEM education, our analysis using a refined lens based on Nguyen et al. (2020) revealed ideas
that supported the initial categories, which are summarised in Table 3. No initial categories were
left completely untouched. This itself was rather interesting considering the fact that the PSTs only
had superficial awareness of STEM education. Apart from the initial categories, new ideas for each
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construct had also emerged from the data. The evolution of the coding categories is documented
in Table 4.
Table 3.
The initial set of categories that were pre-determined at the time of refining the framework prior to the
coding process.
Construct
Initial set of categories
STEM education
Workforce readiness
Making interdisciplinary connections
Epistemic practices
Epistemic features
Objects of interest
Connections
Relationship with society
STEM competencies

21st century competencies
Problem-solving
Thinking deeper
Taking perspective

STEM difficulties

Assessment*
Limited knowledge
Tensions*
Limited school support
Student readiness
Note: The categories with an asterisk have their names altered gradually during coding analysis but its
descriptor remains unchanged, if not, even broader than before.

STEM Education. The construct STEM education describes the broad theoretical aspects
associated with STEM education. The initial set of categories were Workforce readiness, Making
interdisciplinary connections and Epistemic practices, of which Epistemic practices would be
discussed in a subsequent separate section.
Under Workforce readiness, PSTs did see that STEM education was to prepare students for
the workforce, as how the PST Jodi, put it as to “prepare students for careers in science and
technology”. This preparation naturally meant in terms of skills and knowledge, as articulated by
the PSTs, Nora (“skills and knowledge needed for them to excel in the workforce”) and Aida (“jobs
in the world today requires one to be knowledgeable in these areas”). This is very much in line
with the earlier intentions of STEM education to prepare a workforce that can support STEMrelated industries (Blackley & Howell, 2015; Honey et al., 2014; Reeve, 2015). PSTs seem to also
suggest that it is precisely the emergence and increasing importance of STEM-related industries
that STEM education is crucial in preparing students for work. As how the PST, Jeff, brilliantly
explains STEM education “prepares students for the real world…underpinned rather significantly
by nascent and/or advanced fields under STEM”. The existence of such an idea showed an
awareness of the evolving demands of the economy, which then influences PSTs’ understanding
of STEM education.
PSTs also perceived that STEM education involves Making interdisciplinary connections. This
category was the most identified in teacher responses from the study conducted by Holmlund et
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al. (2018). Therefore, it was not surprising that PSTs also suggested ideas relating to
interdisciplinary connections. These connections were interpreted mainly in terms of combining
or making links the different disciplines together (Danny – “link the four components of STEM
together”; Cath – “see the links between the different disciplines”) or at least casting away
boundaries between disciplines (Felicia – “stop looking at different subjects in silos”; Erica –
“Subjects should not be seen as independent”). In a subsequent exploratory exercise where PSTs
had to choose a definition on STEM education, Making interdisciplinary connections was an
essential feature that PSTs picked out that defines STEM education to them. This line of thought
was nicely demonstrated by Aida, who said “because of the word “inter-disciplinary…which I
think is umm, to me this is what I think STEM is”.
Honey et al. (2014) suggested that manifestations of such connections can come in the form of
knowledge transfer, recognising or combining specific disciplinary knowledge or practices.
Furthermore, the establishment of these connections among the four disciplines can exist in
multiple configurations and can be designated as strong or weak (Tan et al., 2019). PSTs did not
offer elaborations of these connections, highlighting the dearth in understanding the concept of
interdisciplinary connections. Rather, there appears to be some confusion with the degree of
integration. Some PSTs opined that interdisciplinary had similar meanings to multidisciplinary
and integration (Yolanda – “multi-disciplinary approach”; Melissa – “integrated manner”; Jeff
– “cross- or interdisciplinary across some combinations”). As outlined by Bybee (2013),
integration exists as a spectrum. Interdisciplinary, multidisciplinary and integrated belong to
different points and thus not exactly inter-changeable. Additionally, there were occasional
interpretations of these connections to be between STEM disciplines with humanities or languages,
as seen in Danny stating “aspects of STEM may be used in humanities or linguistics”.
There were a few new categories that emerged from the PSTs’ responses, namely STEM
literacy, Pedagogical, Authenticity, Transcends school, Interest and engagement and Equal
opportunity (Table 4). There were two other categories that emerged but there were too few codes
to make them substantial categories. STEM literacy is a high-level goal suggested by Honey et al.
(2014), where it is “some combination of (1) awareness of the roles of science, technology,
engineering, and mathematics in modern society, (2) familiarity with at least some of the
fundamental concepts from each area, and (3) a basic level of application fluency” (p.34). The
PST, Erica, suggested that STEM education “broaden the perspectives of students about science,
technology, engineering and mathematics”. This is in line with point (1) as gaining awareness
could come in the form of getting students develop more views about each STEM discipline. The
more common idea raised by PSTs was on Application fluency. Examples of Application fluency
are described by Honey et al. (2014) such as critically evaluating science material in news reports
or utilising mathematical knowledge “relevant to daily life” (p.34). This idea of students
transferring knowledge to make sense of real-world situations is commonly referred to by the
PSTs. Statements such as “applicable to the real world” (Cath) and “make applications of these
subjects to real-life” (Erica) illustrate this. Similar to Making interdisciplinary connections
category, Application fluency was commonly picked out as an essential feature of STEM education
or at least, what PSTs envisioned STEM education to have. On a separate note, while most kept
mentioning the word “apply”, one PST, Penny, had more progressive awareness by mentioning
“STEM thinking”. STEM thinking was defined by Reeve (2015) as “purposely thinking about how
STEM concepts, principles, and practices are connected to most of the products and systems we
use in our daily lives” (p.8). With this, there appears to be varying levels of sophistication exhibited
by PSTs.
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As the codes for Application fluency were inspected further, another category Authenticity,
which refers to the real-world contexts emerged. Statements by PSTs that illustrated this idea
include “through real world situations” (Sherry) and “related to our everyday lives” (Cath). PSTs
opined that STEM education is to be situated in a real-world context to enable application of
knowledge to take place. In other words, there should be an authentic element to STEM education
efforts. This was similar to teachers in the study by Holmlund et al. (2018) who highlighted realworld connections between school and out-of-school contexts as a common theme.
When we consider this application fluency and authenticity, it makes sense why PSTs also
highlighted that STEM education Transcends schools. PSTs generally seem to disagree with
definitions that suggest STEM education occurs at certain stages of schooling. For example, the
definition provided by Gonzalez and Kuenzi (2013) used phrases such as “pre-school to postdoctorate”, “formal” and “informal” while Brown et al. (2011) defined STEM education with the
phrase “residing at the school level”. PSTs pointed out that STEM education “Doesn’t have to be
within-school context” (Danny) and “you can learn STEM even when it’s like not educational
activity” (Penny). On the other end of the spectrum, there were considerations, albeit few, on “how
STEM can be applied for in your entire life” (Hedi). Regardless, the general perception appears to
be that STEM education operates within authentic contexts which would support transfer and
application of knowledge and skills. Therefore, STEM education need not to be confined to only
school programmes.
Pedagogical encompasses ideas relating to teaching and learning. PSTs saw STEM education
as teaching students using and about the four STEM disciplines, as seen in statements such as
“Teaching students the four areas” (Melissa) and “teaching students” (Glenda). One PST equated
STEM education to “hands-on learning” (Hedi) while others perceived STEM education to
“provide(s) a challenge to students” (Stacy) and “deepen their understanding” (Cath). The
emergence of this theme is consistent with other perception studies mentioned earlier on (Cinar et
al., 2016; Holmlund et al., 2018; Radloff & Guzey, 2016; Srikoom et al., 2017). Regardless, the
Pedagogical category is a generic description. Although the study by Holmlund et al. (2018) had
a theme Instructional practices that is similar to Pedagogical, theirs mentioned details about
teacher decision-making, classroom discourse and so on. These were evidently missing from the
codes here. Aside from the occasional mention of enhancing learning, it would seem that the
majority of PSTs do not really know what STEM education entails. It might be plausible that
because the PSTs are in training, considerations in classroom contexts may not be of concern for
them compared to their relatively more experienced counterparts.
Some PSTs also perceived that STEM education bolsters students’ interest in STEM-related
subjects, as seen in statements such as “increase students' interest in STEM fields” (Penny) and
“spark student's interest” (Danny), collectively placed under the category of Interest and
engagement. Boosting interest and engagement has often been cited as a goal for STEM education
with several projects reporting increased interests and confidence towards STEM (Honey et al.,
2014). Margot and Kettler (2019) also found that in a number of published studies, there is a
common view that STEM education itself is motivating, due to the problem-solving tasks
associated with STEM education. Lastly, the category Equal opportunity describes whether or not
all students should engage in STEM education. Brown et al. (2011) reported that with respect to
this “universality” (p.8), there were varied responses. They illustrated that for those who believed
STEM education is for all students were buying into the promise of developing skills in students.
PSTs here also seem to believe that on the basis of skill development, STEM education is for every
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student. However, this was coupled with another idea in which STEM education is for everyone
regardless of students’ inclination to the sciences or arts. Just how as how one PST, Erica, put it
“Every student, no matter is an arts or science student, can all benefit as soft skills”. This was
interesting in which PSTs viewed the equal opportunities in terms of students of arts foray into the
sciences. At the same time, another line of reasoning was simply adopting an egalitarian mindset
as seen in PSTs’ statements such as “all students should be given the chance” (Cath).
Epistemic Practices. PSTs saw differences between the two disciplines that could be classified
in two broad categories, namely Epistemic features and Objects of interest (Table 3). The first
category Epistemic features refer to the goals and processes that contribute to the knowledgebuilding in the discipline, which are further categorised into four sets of practices – propose,
communicate, evaluate and legitimise (Kelly & Licona, 2018). PSTs were aware of a distinction
between the epistemic processes involved in each discipline, as seen in statements such as
“thinking from the scientific point of view vs (versus) thinking from an engineering point of view”
(Penny).
For science, PSTs suggested that seeking explanations is a goal, as seen in statements such as
“science...It explains everyday phenomena” (Hedi) or “in terms of science, we are more focused
on… figuring how like for example mmm molecules work” (Yolanda). This goal of generating
explanations was subsequently used as a distinguishing feature to identify statements describing
epistemic statements that belong to science, as illustrated in statements like “This is more of
science because you are enquiring like how or why things work” (Erica) or “I put science ‘cos
again why is it beneficial so explain- explanation” (Glenda). One noteworthy observation was
from Penny, who elaborated on the nature of scientific problems. To her, “a lot of scientists don’t
actually care about societal problems” which highlights a relatively more advanced understanding
of the knowledge construction processes in science.
In the process of identifying the epistemic practices, PSTs understood the goal of science to be
that of discovery. While some PSTs merely mentioned “discover new stuff” (Danny) or “I feel
like is a lot about like discovering?” (Melissa), others provided more information as seen in “you
find something that nobody had nobody understands” (Penny) and “you find the missing
information that allows you to understand the entire concept” (Erica). A possibility is that when
PSTs mention discovery, it could be on the identification of missing linkages in explanations or
theories, thereby alluding to the goal of seeking explanations.
Lastly, PSTs described the scientific method, as seen in statements such as “scientists they
describe, they observe, then they come up with a theory” (Aida) and “science would just be lab
experiment. You get a certain result and that’s it.” (Danny). PSTs outlined the steps of a typical
scientific investigation, that serves as another distinguishing feature when compared to
engineering. Collectively, these ideas are traced back to the features described by Kelly and Licona
(2018) in the beginning epistemic practice for science – propose. As such, these ideas are
subsumed under a larger category of Propose.
The PSTs provided more varied ideas that could constitute epistemic practices for engineering.
In terms of the goal for engineering, PSTs perceived that there were three possibilities – problemsolving, product design and understanding how things work. The first two were highlighted by
teachers as crucial components of engineering, or what constitutes as engineering (Thatcher &
Meyer, 2017). PSTs readily pointed out problem-solving is a feature of engineering, as Aida puts
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it “for engineering right is to solve some problem or fix something.” Problem-solving was repeated
as justification of epistemic practice statements belonging to engineering (“the product is trying
to solve like trying to meet a requirement of like the society or something” – (Glenda)). Given that
problem-solving is indeed a feature characteristic of engineering (Cunningham & Kelly, 2017),
this was a positive find. As for product design, PSTs suggested that a purpose of engineering is to
create something, often a product or tool that addresses a certain problem. This is illustrated in
statements such as “for engineering, you do things to create an end-product” (Felicia) and
“engineering is more of the applying or to create something or like a product” (Glenda).
Similar to problem-solving, product design was used by PSTs to identify epistemic practices
belonging to engineering as seen in Melissa’s justification “like engineering ‘cos…like cycles of
trials and errors like suggest like you’re making a product again”. However, product design is
merely one feature of engineering as a more important aspect of the product is whether the product
has met the constraints and client needs (Cunningham & Kelly, 2017). The third goal of
engineering identified was understanding how things work. As how Yolanda put it, “engineering
is more of making things work”. This presents a conceptually different understanding of
engineering where the focus is on understanding the mechanisms, which could but not necessarily
lead to the successful design of a product. Lastly, in some ways parallel to the scientific method
category, PSTs suggested an approach that is unique to engineering in their justification of
epistemic practice statements that belong to engineering. This is seen in statements such as
“engineering is quite specific and maybe there’re specific actions they need to take” (Erica) or “it
shows like something needs to be done like there’s an action to do things” (Melissa). This approach
appears to be methodical or step-wise. It might be possible that these PSTs are alluding to systems
thinking (Cunningham & Kelly, 2017).
PSTs identified differences between two disciplines largely by their content. The content refers
to the knowledge, the very objects that epistemic practices produce. To the PSTs, the nature of the
knowledge constructed in science is inherently distinct from that in engineering (Cunningham &
Kelly, 2017). For science, PSTs were fixated on the knowledge being theoretical where “Science
is more towards the theory” (Felicia). This theoretical aspect was also frequently mentioned by
PSTs, such as “for science to be successful, it has to be grounded in theore-theory” (Yolanda) or
“I put it as science maybe because of the theory part” (Danny), when justifying which statements
contained epistemic practices of science. As such, PSTs perceived that the nature of scientific
knowledge as more abstract.
For the knowledge in engineering, PSTs understood that the knowledge incorporates or
involves some scientific concepts or principles, as seen in “engineering a bit bigger? Like...is
definitely not just physics. It has chemistry, bio and everything” (Hedi) and “engineers don’t have
to exactly understand like the whole scientific theory. But they only need to understand the part
that like is applicable to them” (Penny). Perhaps due to the science-theory association mentioned
earlier, PSTs might have perceived that theory plays a role in engineering as well because
engineering involved science. This would explain justifications such as “engineering is very like
a must, like have to meet this criteria, it has to satisfy the theories” (Danny). On the other hand,
there were PSTs who were cognisant that scientific or theoretical knowledge is not necessary in
knowledge construction for engineering as seen in statements such as “engineers are not that
concerned about err about the theory” (Penny) or “for engineering, you could, you could have no
theoretical knowledge and play around with things and see if it works” (Yolanda). Much as how
knowledge constructed in science is labelled as theoretical by PSTs, knowledge in engineering
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was seen as more application-heavy and thus more procedural, evident from how PSTs describe
engineering as “more of like a specialised applied skills of science” (Erica) or “is more of the
applying or to create something or like a product” (Glenda). However, this knowledge is
apparently not unique to engineering. Rather, PSTs saw the knowledge applied in engineering,
was from science. This is seen in statements such as “I feel I want to say engineering is more
application-based so is science” (Aida) and “engineering is more of like a specialised applied
skills of science” (Erica). In general, these ideas relate to engineering’s epistemic practice to
propose (Kelly & Licona, 2018), thus enabling them to be placed in the larger category of Propose.
The practices of evaluating and legitimising knowledge claims were not suggested explicitly
by the PSTs, but the sorting of the statements (Appendix 2) revealed an understanding of these
practices. It was difficult to identify ideas from PSTs related to the evaluation of scientific
knowledge claims. The evaluation process in science is an “assessment of merits of a scientific
claim, evidence or model” and “considering alternative explanations” (Kelly & Licona, 2018,
p.19). This often involves debates between the constructors and critiquers of knowledge claims
(Ford & Forman, 2006). Yet, this was not particularly evident in the PSTs’ responses, with the
closest being “I don’t think science would think of the benefits or umm improving in a certain
way” (Erica). As for engineering’s form of evaluation, PSTs could pick out that it could manifest
as optimisation. PSTs seem well aware that engineering evaluates solutions that has been
optimised with respect to the constraints, as seen in statements such as “more engineering ‘cos is
like some- to make something more effective” (Melissa) or “engineers might think like ok so how
can we do this better?” (Aida). Some PSTs were aware of the importance placed on the clients
(“engineers try to optimise for the user right?” – (Penny)) and the constraints (“Cos it talk about
cost” – (Glenda)). However, not all PSTs were clear of these distinctions (“if you’re talking about
increasing the efficiency, it might not necessarily require engineering” – (Erica)).
PSTs generally displayed a clear understanding of the legitimisation process that occurs in
science, albeit upon being prompted by the statements presented to them. Most seemed aware, but
not necessarily able to articulate, that scientific claims need to be recognised by practitioners of
the scientific community or “relevant epistemic community” (Kelly & Licona, 2018), which need
not include the masses. This exclusive conferment of legitimisation is captured in Penny’s
statement “it has to get you have to gain acknowledgement from that specific society. Even if the
layman agree with you, it doesn’t work”. On the other hand, there were PSTs who were confused
and unclear with these practices. For example, PSTs questioned the legitimisation of claims to be
conferred only by science practitioners, as illustrated in “why it has to be accepted by a specific
community. Why can’t it be everyone?” (Erica) and “if a lot of people agree on it it can like people
would follow that as a scientific fact” (Glenda). One PST went even further to assert that in science
“there’s no such thing as successful or not successful” (Felicia).
The category Objects of interest was a surprising find. PSTs found a difference between the
two disciplines in terms of the things that the disciplines are focused on. For science, the focus
seemed to be on natural objects or bodies as seen in this statement “It can be in your body. It can
be in the way you walk or like even in the sun” (Hedi). For engineering, PSTs describe that
“engineering can talk about lightbulbs” (Yolanda), “engineering because I think of oh the manmade things that for example machines” (Felicia) and “mechanical and technical things” (Aida).
The PSTs emphasized the idea that engineering focus on man-made, inorganic objects. It is
uncertain if the PSTs are fully aware of the fact that specialised fields such as bioengineering and
chemical engineering are, in fact, part of the engineering discipline. This category reveals a rather
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superficial and somewhat stereotypical understanding of the disciplines, particularly more so for
engineering.
Apart from differences, ideas regarding similarities between the disciplines were also sought
from the PSTs. This yielded some interesting findings, of which one is the category Connections.
The category Connections comprises ideas relating to some knowledge-related connection
between the two disciplines. As how the PST, Felicia, put it, “Engineering and science share a
connection”. Although PSTs were asked to seek similarities, it was strange that they viewed how
the disciplines were connected to each other as a similarity.
From the PSTs’ responses, emerged three types of connections. Firstly, PSTs saw that (1)
engineering depends on science, in which scientific concepts provides a foundation for the
engineering discipline. PSTs highlight this somewhat hierarchical dependence in statements such
as “Like Science pave the way for engineering” (Penny) and “engineering requires science”
(Yolanda). Although applying concepts and principles from other disciplines is an epistemic
practice of engineering, engineering also constructs knowledge and solutions in its own way
(Cunningham & Kelly, 2017). While PSTs had pinpointed accurately an epistemic practice of
engineering, it remains uncertain whether PSTs are aware of knowledge in engineering can be
independently constructed.
The second type of connections is simply (2) overlaps, in which concepts and principles of
science and engineering seem to blend and merge together. This produces confusing conceptions
of both disciplines. Statements such as “engineering seems like a subset of science” (Erica) and
“I used to think engineering would be within science...it used to be because it’s physics” (Danny)
suggest that some PSTs see the overlap is so great because engineering is based off on one type of
science – another point of confusion – that engineering is basically subsumed under science. On
the other hand, PSTs also perceived that the engineering-specific epistemic practices are also found
in science. For example, the idea of constraints is associated with engineering in which solutions
have to be created under limited conditions. Yet, this idea apparently is an epistemic feature of
science where “GMO for example then what kind of constraints you think you face if you were to
create like a GMO crop” (Erica). Another example is optimisation, another unique feature to
engineering, which is also somewhat present in science, as described by Yolanda where “in
science, sometimes you have to think about how to make things more effective”. Interestingly,
PSTs majoring in chemistry seem to blend the epistemic practices of science and engineering
seamlessly. Examples of such blending include “I had to optimise my conditions for yeah. Like my
reaction conditions” (Melissa) or “for chem, err when you synthesise something, you always want
to synthesise at a higher yield” (Penny). Reynante, Selbach-Allen and Pimentel (2020) noted that
in practice, the boundaries between disciplines are less defined and more dynamic, giving the
example of theoretical physics as a field where the fields of mathematics and science seem to meld
together. In our case, certain branches of science might adopt engineering practices more readily,
which results practitioners, or students, of those branches to have a more blended understanding
of epistemic practices.
The third type of connection is a (3) mutual relationship where science and engineering are
seen as equals to one another. Statements illustrating this idea includes “Science informs
engineering. Engineering informs science” (Yolanda) and “(Engineering) Is very close to
science” (Danny). For this type of connection, the transmission of knowledge and tools is bidirectional between both disciplines. Neither discipline is wholly dependent on the other.
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Collectively, the Connections category shows variants of a connection between science and
engineering.
The category Relationship with society was an interesting find, albeit it did not directly emerge
as a difference or similarity. When it comes to advantages/disadvantages or benefits/harm, some
PSTs seem to equate them to be discussing society. For example, Erica said “in terms of wha umm
more of a soc- societal concern, then err...Then it would involve science” while Yolanda “science,
we always look at whether, like for example discoveries help to benefit or cause…I mean, it can
benefit or it can cause potential harm.”
STEM Competencies. In this construct, the competencies being referred to are 21st century
competencies. PSTs picked out the development of such competencies as an essential feature of
STEM education. This was evident when PSTs mentioned statements such as “I really like the
third one (definition) also ‘cos it also talks about 21st century skills which I think is very
important” (Melissa) or “21st century skills kinda of like overlap with STEM” (Penny). Based on
the responses, three specific competencies could be gleaned, which are termed Problem-solving,
Thinking deeper and Taking perspective (Table 3). In Problem-solving, PSTs perceived that STEM
education is a platform for students to somehow transfer the knowledge learnt into generating a
solution, as seen in this statement “everything they learn, they can apply to the same things to
solve something” (Felicia). PSTs mentioned “solve complex problems in the 21st century” (Aida),
“solve problems using the four areas” (Melissa) or “solve problems in the 21st century” (Stacy).
The second competency, Thinking deeper, revolves developing thinking processes of students such
it is more flexible and critical. PSTs readily offer complex terms when describing how students’
thinking would be developed. Examples to illustrate include “hone students' critical thinking,
logical thinking, adaptability and innovation skills” (Erica) or “honing students' creativity and
critical thinking skills” (Stacy). The third category, Taking perspective, revolves around guiding
students to adopt different viewpoints, as seen in statements such as “see a situation from different
perspectives” (Penny) and “looking at it from different perspectives” (Nora). One PST, Aida, went
further and envisioned that with STEM education allowing students to develop multiple
perspectives, one can hope that it “will raise awareness about such global issues”, “shape pupils'
attitude towards them” and embrace their “role as a global citizen”.
There were some generic, if not superficial, descriptions that suggested the outcomes of
developing these competencies. Such outcomes were making the students “wholesome” (Felicia),
implying a holistic development of the student or equipping students “with skills rather than
knowledge” (Hedi). Collectively, there is a disparity in the level of sophistication in the PSTs’
thinking.
STEM Difficulties. Codes could be found for all initial categories under the construct of STEM
difficulties (Table 3), which two categories, Assessment and Tensions, were revised in view of the
PSTs’ responses. Originally, the Assessment category intended to cover ideas of a dearth of
assessment that can sufficiently test for students’ learning in integrated STEM education
programmes. This was revised to include attitudes towards assessment as well. Honey et al. (2014)
had highlighted the problem of assessments that can accurately test the outcomes of integrated
STEM education, highlighting the historical format of assessments often focus on single
disciplines with insufficient attention paid to the practices characteristic to the discipline. This was
an issue highlighted by teachers (Margot & Kettler, 2019). PSTs also had highlighted this
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mismatch between STEM education and assessment. Assessment becomes an obstacle when it
“does not allow students to see the different aspects as an integrated unit” (Felicia) or it forces
compartmentalisation of knowledge with “students only need(ing) to master the knowledge learnt
from one subject for a particular examination” (Glenda). One PST articulated that “problemsolving is a complex skill, knowing about real world issues and current world trends is also not
that simple” (Aida). This highlights another issue of the complexity of the skills or processes, a
central feature of integrated STEM education, that assessments would need to grapple with and it
would not be easy to test them with standard pen-and-paper formats.
The PSTs provided an interesting point that was not reported in other studies, which was the
overt focus on examinations and grades. In Singapore, examinations and results are important for
accountability. PSTs have articulated that “schools who are focused on grades, may not have the
motivation” (Aida), or that the “Exam focus is too strong” (Hedi) with the concern to “prepare
students for the major examinations” (Danny). The larger concern expressed by PSTs related to
accountability – whether STEM teaching could result in good examination outcomes for students.
At this point, it is apparent that PSTs do see that STEM education is something wholly separate.
Tensions is another category was revised as the PSTs responses focused mainly on the
curriculum rather than outcomes. Rather than focussing on possible tensions between curriculum
or their individual subject requirements and integrated STEM education (Holmlund et al., 2018;
Margot & Kettler, 2019), the PSTs were concerned with time and coverage of content. PSTs
seemed to suggest that there is insufficient time to implement such STEM education programmes,
as seen in “eats up the curriculum time” (Penny) or “lack the curriculum time” (Sherry). PSTs
saw time as a constraint as they need to cover concepts stipulated in the syllabus. Due to the
presence of “whole lots of content” (Cath) need to “cover the graded content” (Penny), STEM
education becomes a competing need for the already crowded curricular space and time. The
concerns of lack of curricular time was different from what Margot and Kettler (2019) reported ─
the teachers in their study were concerned with the lack of time due to a greater workload in terms
of planning and coordinating STEM education projects.
The category Student readiness contains ideas relating to the suitability of students, either in
terms of skills and academic progress, to handle the cognitive demands of STEM education.
Teachers in several studies reviewed by Margot and Kettler (2019) do not think their students are
able to handle the demands of STEM education. Responses from the PSTs mirror this lack of
confidence as they considered the student’s individual progress. This is seen in the statements such
as “Not all students would be able to do it” (Felicia) and “Depending on the abilities of each
student” (Jodi). There were two main ideas that PSTs presented that account for Student readiness
to be an obstacle. The first is the concern with lack of mastery in the basic concepts or
fundamentals. As Aida opined, “STEM is not for weaker pupils...struggling with their subjects in
silos”. PSTs expressed fear that academically weaker students who have yet to master the basics
would not be able to engage in STEM education. This fear could be in terms of students struggling
as suggested in statements such as “does not sound easy for students who struggle with basic
subject knowledge” (Glenda) or “requires a certain level of mastery over basic concepts” (Stacy).
This indicates that PSTs prioritise concept mastery of each discipline.
A second finding was PSTs’ perception of integration as an advanced skill. Just as how action
verbs are ranked hierarchically in Bloom’s taxonomy, PSTs viewed the action of integration is a
higher-order skill which would be cognitively challenging for students. The skill is difficult to
understand such as implied by Aida in “pupils may not know how to integrate”. Alternatively, the
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skill has pre-requisites in the form of basic foundational knowledge, as suggested by Stacy in “If
students struggle to grasp basic concepts, then it would be difficult for them to integrate”. Rightly
so, Honey et al. (2014) noted that knowledge of individual disciplines can impede an individual’s
ability to establish connections between different disciplines and thus recommend integrative
experiences to take account of the students’ knowledge of the individual disciplines. Looking at
these ideas under Student readiness as a whole, student’s content mastery seems to be a key
determinant for a PST to decide to engage in STEM education.
The category Limited school support describes the possible ways schools could support STEM
education initiatives and how these ways could be limited. PSTs highlighted that STEM education
could “require a lot of planning and resources” (Aida) which may dissuade schools from
implementing STEM education. In statements such as “education in Singapore very rigid” (Jodi)
and “amount of change that different stakeholders have to embrace” (Rene), school support could
be limited if the existing structures and the accompanying mindsets are not receptive to new
changes, leaving little space for STEM education initiatives to take root. This is similar to what
was found by Margot and Kettler (2019) who reported several studies mentioned school structuring
and relevant support are crucial factors (or obstacles) in implementing STEM education. The
category Limited knowledge describes ideas involving the lack of understanding about STEM
education. The first idea presented by PSTs was a lack of understanding on the pedagogical skill
sets specific to STEM education. They pointed out that “teachers are not as skilled at STEM
education” (Melissa) and that “may not know how to strategically infuse STEM into the students'
learning” (Cath). On the other hand, the lack of knowledge made PSTs perceive STEM education
as something obscure where “not very well understood” (Penny) and “not many people know”
(Rene). Due to this obscurity, there could be “fear / rejection” (Jeff), becoming an obstacle to
implementing STEM education. This notion of a STEM specific pedagogy and the lack of
understanding was also reported even among experienced teachers who were less confident and
comfortable with STEM education (Margot & Kettler, 2019). Interestingly, one PST was cognisant
of how prior experiences influence her teaching practice when she mentioned “not taught with this
approach” (Rene). This idea was mirrored by other teachers who believed having experienced the
instructional methods used for STEM education would enable them to implement STEM education
(Margot & Kettler, 2019). These ideas point out the importance of pedagogical content knowledge
unique to STEM education. Teacher require more professional development in translating what
they have understood about STEM education and integration into actual classroom practice (Dare
et al., 2018).
Value was a new category that emerged from the responses (Table 4) and it describes the
importance and utility of STEM education ascribed by both students and teachers. PSTs suggested
that the students may not value or view STEM education as relevant to them, so “not all students
are interested” (Jodi). As seen previously, PSTs had categorised students’ preferences either
towards the sciences or arts. Students who are arts-inclined may not value STEM education as
much, which is a barrier to successful STEM education. This idea can be seen in these statements
“students who may not be interested in any of the 4 disciplines and may be more interested in
pursuing the arts” (Nora) and “some students may be more inclined towards arts education”
(Sherry). The PSTs are also aware that the value of STEM education may be perceived differently
by different stakeholders. Margot and Kettler (2019) had reported that the value attributed by
teachers affects the willingness to be involved in STEM education efforts. Statements from PSTs
such as “not seen as an essential aspect” (Penny) and “not feel the compelling need” (Glenda)
suggests that the unclear value of STEM education does not help to encourage teachers or
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stakeholders to participate in STEM education efforts. PSTs further mentioned that it is “hard to
change whatever that was already established” (Rene) or “inertia” (Jeff), suggesting a reluctance
to try if the value is not clear.
Table 4.
The finalized categories elucidated from the coding process.
Construct
Initial set of categories
STEM
Workforce readiness
education
Making interdisciplinary connections
Epistemic practices
Epistemic features
Objects of interest
Connections
Relationship with society
STEM
competencies

Newly added categories
STEM literacy
Pedagogical
Authenticity
Interest and Engagement
Transcends school
Equal opportunity

21st century competencies
Problem-solving
Thinking deeper
Taking perspective

STEM
difficulties

Assessment*
*Value
Limited knowledge
Tensions*
Limited school support
Student readiness
Note: The initial set of categories were pre-determined at the time of refining the framework. Categories
with an asterisk (*) are those whose names have been altered. Newly added categories are those that
emerged from the coding process.

Concluding Remarks
STEM education has been gaining prominence for the various outcomes it is supposed to attain.
A large part of STEM education efforts being successful relies on the teacher’s implementation in
the classroom. Various studies have shown different conceptions of teachers regarding STEM
education as well as highlighting the challenges that comes with it. This study adds to this narrative
by providing a Singaporean context. Our combined experiences as a practicing science teacher and
a science educator researcher provides both a practitioner as well as researcher insights into our
interpretation and analysis of the data. It is the first such study to investigate the perceptions held
by PSTs towards STEM education through a validated lens.
Our study has revealed that the original ideas under the three constructs of STEM education,
STEM competencies and STEM difficulties were observed in the responses of the PSTs. Some of
these ideas, such as making interdisciplinary connections, come more naturally to PSTs.
Furthermore, new categories such as Pedagogical, Transcends school and Value, aids in expanding
our understanding of how STEM education could be perceived. Both initial and new categories
had been similarly reported in other studies, suggesting some universal perceptions of STEM
education that are independent of social and cultural context. Separately, this study also showed
that Singaporean PSTs do have an emerging level of awareness, where they are not entirely
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unfamiliar with STEM education and its concepts. It also does raise a question of how these PSTs
arrive at this level of awareness, which merits further investigation.
Our study also attempted to investigate how well PSTs could differentiate science and
engineering in terms of epistemic practices. At a broader level, PSTs offered ideas that could be
mapped to epistemic practices described by Kelly and Licona (2018). PSTs, particularly those
majoring in chemistry, could connect or blend epistemic practices of both disciplines,
demonstrating some semblance of epistemic fluency (Reynante et al., 2020). However, PSTs do
harbour some limiting conceptions of engineering, such as the focus on physical products. Further
investigation could be done to ascertain whether Singaporean PSTs have any other, limited, if not
stereotypical notions of engineering.
One limitation of this study is that the perceptions of in-service teachers who are already
teaching in schools were not captured. Nguyen et al. (2020) reported differences in the perceptions
and enthusiasm between novice and more experienced teachers where novice teachers perceived
STEM education as more valuable while experienced teachers were less receptive to newer
innovations. In this study, there were some aspects such as the issues regarding curriculum
implementation that were not raised by PSTs, which could have been attributed to the lack of
prolonged experience in school settings. Thus, the next step could be to understand and compare
the perceptions of in-service teachers. A second limitation is the limited number of participants.
As 16 PSTs were selected, the findings may not be generalised to the larger population of PSTs as
a whole yet. Further, we have considered all the PSTs across different years of study as a single
group based on the assumption that they have enrolled in the same programme and hence have
similar exposure to the actual school system and similar professional knowledge related to STEM.
There could be differences between the quality of perceptions between PSTs depending on their
level of exposure to STEM education. This can be investigated further in future studies.
Nevertheless, this study is the first in detailing the perceptions of STEM education in Singapore
and could serve to support the design of STEM education training programmes in the future.
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APPENDIX A
“DEFINITIONS” AS EXTRACTED FROM INTERVIEW SEGMENT
Definition #1
“teaching and learning in the fields of science, technology, engineering and mathematics. It typically
includes educational activities – from pre-school to post-doctorate – in both formal (e.g. classrooms) and
informal (e.g. afterschool programs) settings”
Definition #2
“a standards-based, meta-discipline residing at the school level where all teachers, especially science,
technology, engineering, and mathematics (STEM) teachers, teach an integrated approach to teaching and
learning, where discipline-specific content is not divided, but addressed and treated as one dynamic, fluid
study.”
Definition #3
“educational approach in which science, technology, engineering and mathematics are integrated, and
these disciplines are linked to everyday life and supported by the 21st century skills.”
Definition #4
STEM is a curriculum based on the idea of educating students in four specific disciplines — science,
technology, engineering and mathematics — in an interdisciplinary and applied approach. Rather than
teach the four disciplines as separate and discrete subjects, STEM integrates them into a cohesive learning
paradigm based on real-world applications.

Definitions taken from:
#1 Gonzalez, H. B., & Kuenzi, J. J. (2013). Science, technology, engineering, and mathematics
(STEM) education: A primer. In N. Lemoine (Ed.), Science, technology, engineering and math
(STEM) education: Elements, considerations and federal strategy (pp. 1–35). New York, NY:
Nova Science Publishers, Inc.
#2 Brown, R., Brown, J., Reardon, K., & Merrill, C. (2011). Understanding STEM: Current
perceptions. Technology and Engineering Teacher, 70(6), 5-9.
#3 Yıldırım, B. & Türk, C. (2018). Opinions of secondary school science and mathematics
teachers on STEM education. World Journal on Educational Technology: Current Issues. 10(1),
52-60.
#4 Hom, E. J. (2014). What is STEM education? LiveScience. Retrieved August 9, 2018 from
https://www.livescience.com/43296-what-is-stem-education.html
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APPENDIX B:
LIST OF STATEMENTS DESCRIBING SCIENCE OR ENGINEERING EPISTEMIC PRACTICES

1. Does genetically modified corn grow better than wild corn?
2. In country X, there is an intention by the agricultural ministry to increase profits by cutting costs
in production of corn, how should the corn be modified such that costs can be reduced?

3. It is deemed successful because a specific set of criteria has been fulfilled.
4. It is deemed successful because there is alignment with existing theoretical thought.
5. To achieve this goal, what sort of constraints would you think you would face?
6. Does this explanation correspond well with what I have been taught or learnt?
7. What are the advantages or disadvantages of this?
8. Does this thing answer the need or requirement?
9. Why or how does this thing work?
10. How do I go about to make this more effective?
11. I am ultimately trying to generate an explanation, an answer that fulfils a gap in current
knowledge.

12. I am ultimately trying to generate a solution to a societal problem.
13. Why is it beneficial for plants to cross-pollinate?
14. In what ways can we increase the efficiency of cross-pollination of the pea plant?
15. To be successful, it has to be accepted by a specific community sharing the same common
knowledge.

16. To be successful, its acceptance does not exclude anyone without relevant knowledge.
17. Many cycles of trial and error are needed for optimisation.
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ABSTRACT
In this qualitative research study, researchers from a rural regional university in Texas examined
the perceptions of STEM teaching and persistence to STEM teacher certification in a group of
STEM majors participating in a hybrid recruitment and early intense field experience. The findings
from this study indicate that the hybrid recruitment and early field experience influences the desire
of the STEM majors to persist to teacher certification and influences the accuracy of their
perceptions regarding STEM teaching and general perceptions of teaching as a career.
Keywords: STEM teacher education; early field experience; perceptions of teaching; recruiting
STEM teachers

Recruiting STEM teachers is challenging in the state of Texas and nationwide because of low
salary and poor benefits, particularly in rural districts (Strauss, 2017; Viadero, 2018). In addition,
students majoring in a STEM field often perceive they can make far more money upon graduation
if they pursue a STEM career other than teaching, although this may not be the monetary reality
(Marder, Brown & Plisch, 2018). Recruiting of STEM teachers is a focus in rural areas where
teachers are often difficult to recruit and rarely stay in a STEM teaching position for more than
five years (Aragon, 2016; Goodpaster et al., 2012). Texas currently has a 10.29% attrition rate
(Texas Education Agency (TEA), 2018) and the majority of current STEM teachers in Texas have
been teaching less than nine years (TEA, 2018). To help address the nationwide teacher shortage
(Taie & Goldring, 2017; Murphy et al., 2003) in STEM, this research was designed to examine
and evaluate the influence of an early field experience on potential STEM teachers’ perceptions of
teaching and on their persistence to teaching certification. One of the key aspects in recruiting
STEM teachers is evaluating their perceptions of STEM teaching and how those perceptions
impact their choice to pursue a STEM teaching career or not (Marder et al., 2018; Beltman et al.,
2015). The objective of this research was to investigate the impact of an early intensive field
experience on the perceptions of potential STEM teachers and their desire to pursue a career in a
STEM teaching field. The research question framing this study was, “How does the Master
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Teacher Job Shadow (MTJS), as an early intensive field experience, influence participant
perception and desire to pursue a career in a STEM teaching field?”
Literature Review
John Dewey (2007) theorized that the foundation of quality education was experience. This
idea frames educator preparation, where the best education for pre-service teachers is rooted in
quality field experiences. Dewey stated, “If an experience arouses curiosity, strengthens initiative,
and sets up desires and purposes that are sufficiently intense to carry a person over dead places in
the future…that experience is a moving force (Dewey, 2007, p. 38). Pre-service teachers’
experiences before their enrollment in an EPP frame their perceptions of teaching and education
(Marder et al., 2018). These perceptions are based upon the way they have experienced their own
education. Research findings indicate that pre-service teacher’s perceptions about a variety of
educational issues can be changed by field experiences (Roth-Sitko et al., 2015; Ferguson & Sutfin,
2018, Schaffer, 2012). Dewey’s theory stating the vital importance of experience in education, is
highly important for the design of field experiences for pre-service teachers in order to help them
form accurate perceptions of teachers, students, and schools.
The American Physical Society on Public Affairs (Marder et al., 2018) released survey data
from 7,897 undergraduate and degree holding participants specifically addressing the attitudes and
opinions of STEM graduates on teaching. One of the goals of the study was to develop
recommendations for universities to increase the number of STEM majors considering and
pursuing teaching as a career. Some of the major findings of the study included, half of the
participants indicated interest in pursuing teaching as a career, 100% of those individuals said that
financial incentives would increase the likelihood of achieving that career goal. The study also
indicated that participants said their likelihood to pursue teaching as a career was directly
influenced by faculty supporting teaching as a career and talking to them about that career, and
some of the participant’s perceptions of teaching did not accurately reflect the current state of
teaching STEM in public schools including salary (Marder et al., 2018). These key findings
indicate that more research is needed to study the complex perceptions of teaching that influence
a STEM major to choose or not to choose teaching as a career. Our study, which specifically
addresses the perceptions of the participants of STEM teaching in public schools, helps fill the gap
in the research about how field experiences help STEM majors interested in teaching choose to
persist to teaching certification.
The idea of immersing the pre-service teacher in the classroom through an early field
experience is supported by theory and research. Early intensive field experience is recommended
by Darling-Hammond (2006) and Denton (1982). Darling-Hammond posited that educator
preparation programs need to implement field experience models that are based on, “stronger
relationships with schools that press for mutual transformations of teaching and learning to teach”
(p. 302). The research findings of Schaffer (2012) also indicate that early field experiences have a
great deal of impact upon the pre-service teacher’s perceptions of teachers and students. The
Master Teacher Job Shadow (MTJS) is a unique field experience for individuals who are
considering pursuing a STEM teaching career. At the time of this publication, the authors are not
aware of any other similar recruitment and early intensive field experience: designed for
participants who are interested in teaching STEM to experience STEM teaching with a mentor
teacher for a full week before they have even enrolled in the educator preparation program and
paying them a stipend upon completion. Significantly, the MTJS includes no commitment beyond
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the full week in the classroom and a one-evening debrief session. Since the MTJS is a unique
synthesis of a recruitment/early intensive field experience, there is little research to support
specific implementation (Hubbard, Beverly, Cross, Mitchell, 2018), however components of the
program design are based on current educational research. McCadden and Rose (2008) document
a year-long early intensive field experiences instituted as a part of their institution with the intent
of improving students’ cultural responsiveness. The program not only succeeded in cultural
responsiveness but also improved the efficacy of other, related educator preparatory courses. Piro
et al., (2015) reported on a pilot program that instituted a five-week early field experience and
found that afterward participants reported higher self-perceptions of preparedness to teacher. Other
studies parallel these two (Caprano et al., 2010; Roth-Sitko et al., 2015; Eckman et al., 2016),
however, each one of these programs targets students already committed to teacher certification.
Since the research site is located in a rural area, with a city population of less than 50,000; and
surrounding rural public schools often express difficulty in recruiting and retaining high quality
STEM teachers, we reviewed the research on the recruitment and retention of STEM teachers in
rural areas.
In their research report on Teacher Shortages, the Education Commission of the States
documents a 35% decrease in teacher preparation program enrolments nationally between 2008
and 2014 (Aragon, 2016), but caution this is likely a cyclic trend. They identify a limited local
teacher supply as a leading driver of rural teacher shortages. Goodpaster et al. (2012) observe that
close community ties are a key driver both if pushing teachers away from rural teaching and in
keeping them in rural districts, calling it a “double-edged sword.” They recommend intentional
efforts to aid in assimilation for rural STEM teachers and also the cultivating of realistic
expectations for working in rural communities. Monk (2007) examined the recruitment and
retention of teachers across the United States and concluded that science and mathematics tended
to be in particularly short supply (along with special education teachers) and likely to have less
university science and mathematics coursework than their urban or suburban peers. Teachers at
particularly small schools were also one third to one fourth as likely to have earned a passing score
on the Praxis core professional practice or the Praxis II content exam (Monk, 2007). Hartman
(2017) performed a case study of rural mathematics coaching and argued that it was distinct from
other educational environments, deserving research in its own right. There is a lack of research on
STEM teaching in rural school environments, specifically how those rural schools recruit and
retain quality STEM teachers.
Limited research investigates how early intensive field experience targeting STEM majors not
yet committed to teaching helps those students to form accurate perceptions of a STEM teaching
career and increases participant confidence in choosing their career as a STEM teacher (Cross,
Hubbard, Beverly, Gravatt, Aul, 2020). However, much literature emphasizes the importance of
accurate perceptions of teachers and teaching for individuals who do choose to pursue a career in
teaching (Caires et al., 2012; Miller & Endo, 2005; Howes & Goodman-Delahunty, 2015).
Hutchinson (2012) recommended STEM teacher recruitment pathways such as:
advertisement at college employment fairs, college and other print and social networks, the
Internet, career counseling, peer information exchange, special certification programs
designed to attract students with STEM majors into teaching, and university departmental
dissemination about teacher certification tracks. (p. 543)

These same strategies are also recommended by Abell, but with the addition of stipends and
scholarships for attending recruitment events (Abell et al., 2006). Crisp et al. (2018) stated:
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Early field experiences with mentor teachers can facilitate the development of intrinsic
and/or altruistic motivations for teaching and therefore may be an effective way to recruit
community college students who are not currently considering teaching science or
mathematics. (p. 200)

The advertising for the MTJS was aimed at students on both a primary university campus and
also multiple community colleges. The MTJS used a variety of communication methods such as
print and digital advertising, faculty in-person recruiting, social and peer network recruiting to
connect with STEM majors. It also provided a stipend for the participants.
According to survey data from 7,897 undergraduate and degree holding participants compiled
by the America Physical Society (Marder et al., 2018), effective methods for recruiting STEM
teachers within universities include: providing accurate information about the positive experiences
of teaching as a career, financial support, and streamlining and aligning content and certification
coursework. The MTJS provides a setting for participants to work closely with a master STEM
teacher in order to give them an accurate and positive experience in the teaching field along with
a stipend to provide the participant with financial support. Marder and colleagues’ (2018) research
findings also indicate that the perceptions of students majoring in STEM fields interested in
pursuing teaching often have perceptions of teaching that are not accurate or aligned with the same
perceptions of STEM classroom teachers. The inaccuracies in STEM major’s perceptions of actual
STEM teaching including incorrect perceptions of salary of the STEM majors considering
teaching, this reveals an opportunity for researchers to study how STEM majors’ perceptions of
STEM teaching can be impacted by things such as field experiences, course work, or input from
peers. The MTJS was designed to immerse the participant in a field experience, where the
perceptions of STEM teacher would be accurate and based on a real lived experience. Our study
is an effort to address the evolution of perceptions within people who are considering STEM
teaching as a career.
Methodology
A phenomenological collective case study design and method was implemented to investigate
the collective experiences of the MTJS participants as they were part of the same phenomenon and
our research question focuses on discovery of their perceptions of their experiences within that
phenomenon (Creswell, 2007; Merriam, 2009). Data sources such as participant’s surveys, daily
journals, and focus group transcripts were collected prior, during, and after the intensive field
experience to determine how the MTJS influenced the perceptions of the participants as a shared
phenomenon. Our goal for our data collection both from individual participants and within groups
of participants, was to document the lived experiences and perceptions of participants within the
collective common phenomenon of the MTJS as a hybrid early field experience and recruiting
event for future STEM teachers. We also sought to determine if those perceptions and experiences
of the MTJS participants influenced persistence to STEM teacher certification, thus documenting
success and replicability for stakeholders in the field of STEM teaching. Modified constant
comparative analysis was used (Chenoweth, 2009; Glaser & Strauss, 2017) to develop categories
and themes from open and axial coding. The data sources were collected and compiled into
spreadsheets and analyzed by three researchers independently for categories and codes. Categories
and codes were compiled into themes grounded within the data and exhibiting theoretical
saturation between the data sources and researcher’s independent analysis (Glaser & Strauss,
2017). Lincoln and Guba’s (1985) guidelines of trustworthiness were followed throughout the

https://ir.library.illinoisstate.edu/jste/vol56/iss2/6
DOI: https://doi.org/10.30707/JSTE56.2.1649165366.299501

34

Journal of STEM Teacher Education

Volume 56, Issue 2, Fall 2021

research project. In addition to the qualitative data analysis, to determine job shadow participant
persistence to teacher certification, a data request was submitted to the Texas Education Agency
for a data set of all teachers certified in the last seven years to determine the number of teachers
who participated in the job shadow who achieved a teacher certification. These descriptive
statistics are used as a method of highlighting potential patterns (Maxwell & Miller, 2008) and
support the qualitative data analysis.
Research Setting and Participants
As part of the Robert Noyce Teacher Scholarship Program grant at Stephen F. Austin State
University the program staff recruit potential STEM teachers through an early intensive field
experience called the MTJS. During this field experience, participants spend five consecutive, full
school days with a “master teacher” in a STEM field and participate in focus groups, reflective
journaling, and surveys to help them process their experiences and how that experience influences
their perception of and desire to pursue STEM teaching as a career. Initially, “master teachers”
were selected from two companion master teacher training projects: the Talented Teachers in
Training for Texas (T4) project (NSF 1136416) and the T4 Phase II project (NSF# 1556983). Each
successive year, existing master teachers were encouraged to identify colleagues who would be
well suited to the MTJS and a training was instituted to clarify expectations and exchange best
practices among master teachers. Master teachers had over 5 years of experience teaching STEM
subjects in local public schools, had been completed training with previous NSF grant projects,
and were personally recommended by fellow STEM teachers who worked closely with them.
Approval for ethical human research was obtained through the university IRB.
The Noyce grant provided a stipend to the participants as well as pays for their lodging on the
campus of Stephen F. Austin State University (SFASU). A stipend was also provided to the
cooperating Master Teachers who hosted participants in the local public schools. The MTJS was
intentionally designed to allow participants to experience a week with a teacher with the goal of
inspiring the participants to consider STEM teaching as a career or at least giving a realistic
perception from which to make educated career choices.
The participants for this research were recruited through in-class visits, on-campus handouts
and posters, and web information disseminated by researchers on the campus of SFASU and
partner community colleges. A variety of math, science, and education classes were visited by the
researchers, who spent about 5-10 minutes explaining the experience and giving the class handouts
of information about the field experience. In addition, outreach to local community colleges
through onsite visits and information sent to representatives and professors who taught basic
STEM and education courses in order to increase the diversity of the applicants. Past MTJS
participants were also encouraged to utilize their peer networks to promote the program.
Prospective participants filled out an online application as the first step in qualifying for the
experience. The MTJS requires students be a STEM major either at a community college or
university, at least 18 years-old, and successfully passed a background check. In order to receive
the stipend, they must also have a 2.75 or better GPA, and be a U.S. citizen or permanent resident.
Over a period of four years (2012-2015), there were a total of 63 participants, 32% male, and 68%
female. Of these participants, 79% identified themselves as Anglo-American, 10% as African
American, 8% as Hispanic, and 2% as Asian-Pacific Islander. Participants all signed informed
consent forms to indicate their agreement to participate in the research.
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Master teachers were teachers of record in a variety of sizes of local schools surrounding the
university. All schools where the job shadow took place are classified as rural according to the
USDA, which defines rural as “any area other than (i) a city or town that has a population of greater
than 50,000 inhabitants” (7 U.S.C. § 1991), and all schools had a high population of economically
disadvantaged students. An ancillary benefit of the MTJS is that it has strengthened connections
between university educators and STEM teacher-leaders in local high schools. Due to the small,
rural region in which the university and school districts are located, once established these
relationships often are sustained for decades. Purposeful choices are made by the organizing
faculty to only include highly experienced teachers that have excellent student rapport, good
classroom management, and utilize research based instructional methods.
Data Sources
The data sources for this research include pre-experience surveys, mid-experience prompted
journals, post-experience surveys, and post-experience focus groups. These same data sources
were collected over a period of four years, with four different groups of MTJS participants. The
surveys and journals were entered into a database accessible by the researchers, and the focus
group conversations were transcribed and added to the database.
In addition, a data request was made to the Texas Education Agency (TEA) for a
comprehensive list of all individuals in the state of Texas who had completed a STEM teacher
certification in the state of Texas for the previous seven years in order to determine which of our
participants had achieved teacher certification.
Data Analysis
Each researcher first did an independent data analysis on each of the qualitative artifacts and
coded categories (Charmaz, 1983) and common topics in the participant’s focus groups, surveys,
and journals. The researchers met together and compared categories and coding to determine
triangulated emergent themes. Grounded theory (Glaser & Strauss, 1967) was used to guide the
group to concur on which themes met theoretical saturation.
It is important to note that one researcher had been present during all four years of the MTJS,
one had been present during one of the years included in the data set, and one researcher had not
been present during the MTJS. This variety of experience and perspective with the MTJS data
helped ensure that a variety of viewpoints were represented within the independent data analysis
(Fram, 2013), so that triangulated themes would be trustworthy (Lincoln & Guba, 1985). In
addition, one of the researchers has experience as a STEM classroom teacher and as a qualitative
researcher in classroom environments, this theoretical sensitivity also contributed to the
trustworthiness of the identified themes (Glaser & Strauss, 1967). Dewey’s (2007) theory of
experience in education, framed the researcher’s interpretation of the data on the descriptions of
the observations and lived experiences of the participants within the school environment.
Findings
Four years of data about the annual MTJS were examined and the following results were
identified. They are grouped into two different sections in order to address the two specific parts
of the research question. The first section describes the findings related to the perceptions of STEM

https://ir.library.illinoisstate.edu/jste/vol56/iss2/6
DOI: https://doi.org/10.30707/JSTE56.2.1649165366.299501

36

Journal of STEM Teacher Education

Volume 56, Issue 2, Fall 2021

teaching, and the second section describes the findings related to the desire to tech of the
participants.
MTJS Perceptions of STEM Teaching
The students were asked within the surveys, journals, and focus groups to identify things within
the MTJS that influenced their perspective of teaching. The data sources were independently
analyzed by three different researchers for common ideas from the participants. Each of the
researchers generated common categories of participant topics mentioned in journals, surveys, and
focus groups.
Categories identified independently by the researchers from the job shadow journals were
compared and three common categories were determined from the data analysis, each with an
embedded emergent theme. Participants primarily focused their reflections and personal
connections to the experience in the following categories: observations about students,
observations about classroom management, and observations about teachers and teaching as a
profession.
Observations About High School Students
The researchers determined that, “The MTJS participants were able to develop an accurate
perception of the challenges and altruistic rewards of working with high school students based
upon their field experience.” As the data was analyzed, two categories emerged from the data that
illustrated the students accurately documented experiences that reflected that of teachers in
classrooms. The participant’s perception of students can be broken down into two primary
categories of observation: observations of a lack of student motivation, and documentation of the
altruistic rewards of teaching. The category indicating that participants observed the altruistic
rewards of teaching, is supported by the findings of Perryman & Calvert (2020) and FokkensBruinsma & Canrinus (2012), which indicate that a key motivation to enter the teaching field for
pre-service teachers is motivated by the altruistic rewards of teaching. The participant’s
observation that indicated of a lack of motivation in high school STEM students is also
documented in the research of Nayir (2017) and Bedford (2017) due to an overemphasis on
standardized testing and lack of engagement in STEM classrooms. These two categories of
observations, not only are present in research, but also fit with the experiences of the researchers
within high school STEM classrooms. Table 1 shows some of the participant quotes regarding
these two categories.
The participant journals, quotes, and data analysis indicate that the participants were able to
observe and communicate accurate perceptions of STEM classroom experiences due to the MTJS.
While the participants could have similar perceptions before this experience, the findings seem to
indicate that the participants were able to accurately document challenges like lack of motivation,
and altruistic rewards of teaching.

37

Journal of STEM Teacher Education

Volume 56, Issue 2, Fall 2021

Table 1
Participant Quotes Supporting the Categories of Student Apathy and Altruism in Teaching
Lack of Student Motivation
“The only kids who don’t learn much seems to be the ones who are lazy or don’t
care to try.”
“I think the teachers are doing what they can to promote learning but it is hard
when so many students don’t care if they fail.”
“the students have no personal drive.”
Altruistic Rewards of Teaching
“I loved seeing the looks on the student’s faces whenever they finally grasped a
subject.”
“The most rewarding part is getting to see some of the students finally understand
something... [a student] walked to the front, his classmates started clapping for
him. The pride on his face nearly made me cry because I was so happy and excited
for him.”
“Being able to help students understand some of the concepts they are working on
was very rewarding.”

Observations About Classroom management
Within the category of classroom management, the researchers documented how the
participants communicated what they felt were positive and negative classroom management
experiences, made general observations about classroom management, and also noticed the
mutualistic nature of teacher and student relationships and its impact on classroom management.
One student journal entry documenting a positive classroom management experience wrote, “I was
blown away at how well the teacher was able to attract the attention of 95% of the class”. This
statement from the participant captures not only how a good teacher manages their class well, but
also illuminates the types of classroom events to which participants were attuned. For comparison,
participants made no mention of evidence of pedagogical content knowledge.
Participants noted both positive and negative classroom management experiences. For
example, one participant wrote, “The students seem to be having side conversations, using their
phones, listening to music, and anything else to avoid paying attention to learning.” For this
participant, seeing the students off-task was a negative experience in classroom management.
Many participants made general observations about what they saw and experienced as classroom
management techniques. One wrote, “The way the teacher handled certain ‘troublemaker’ students
was intriguing. I saw the techniques that teachers use to calm one child while maintaining the
control of the entire classroom.” Finally, the participants also documented how the student and
teacher relationships impact the dynamics of classroom management. One wrote, “not all kids will
be challenging but not all will listen either. And how you interact with the student completely
effects their actions back to you and that when you try and treat them as adults, they will try to
behave like one.”
The participant reflections and perceptions of classroom management seemed to indicate an
evolving perception of the responsibilities and requirements of managing and motivating high
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school students in a classroom setting. Watching teachers succeed at managing behavior and
learning in classrooms of high school students is important for a future teacher to be able to develop
a sense of confidence in his or her ability to also manage that same group (Marder et al., 2018).
Participants were able to make that connection in their journals. Here are a few quotes illuminating
that connection. One reflected, “[my experience] helped relieve some anxieties about room
discipline.” Another stated, “At the beginning of the week it kind of felt like I was a student.
Towards the end of the week I started feeling more like a teacher.” And another participant wrote,
“The most rewarding part for me was observing the students as their different ones come in each
class period and I would imagine how I could handle situation differently. I was able to construct
ideas of teaching styles that may really grasp the students. Being in the classroom has made me
more confident in my capability of this profession.”
The primary theme arising from this category identified by researchers is, “The MTJS
participants developed a perception of classroom management as a complex and reciprocal balance
of discipline, respect, learning, and relationship based upon this field experience.”
Observations about Teachers and Teaching
The final primary themes of the participant journals centered around the idea of what being a
teacher truly entails and encompassed many facets of teaching as a profession such as, the physical,
emotional, mental toll; the instructional and curricular choices; relationships with students, other
teachers, and administrators; school scheduling and procedures; and many other parts of teaching
STEM as a high school teacher. As a method of communicating our qualitative analysis, we created
a chart based upon quoted words from the participant’s reflections describing what one of the most
important things they learned about teaching or teachers through the MTJS, Table 2.
Participant descriptors of their experience, Table 2, almost reads as if it were poetry, the
participants captured the beautiful and terrible balances that are the daily demands of a teaching
career. Teachers of all subjects can confirm that teaching and teachers share these qualities and
descriptive keywords. This table captures some of the most powerful indicators that the MTJS
indeed allowed the participants to experience an authentic early intensive field experience and
were also successful in developing accurate perceptions of the characteristics of teaching and
teachers.
The way that the participants wrote about their experiences with the teachers was
overwhelmingly positive, yet realistic in nature, and the primary theme that arose from these
categories of data was that “The MTJS participant’s experiences helped them realize that STEM
teachers work very hard and are very patient with their students.” Some of the participant responses
particularly expound on this theme, see Table 3.
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Table 2
Participant Descriptors of Master Teachers and of the Teaching Profession.
Teaching Is….
A Teacher Is…
Trust
Harder than I imagined
Cohesive Relationships
Pride
Difficult
Demanding
Awesome to see progress
Relatable Examples
Planning
Exhausting
Hard Work
Controlled Chaos
Creativity
Helping Students
Respect
Exciting and Rewarding
More Difficult than I imagined
Nowhere as Easy as I thought

Caring and Safe
Calm
Passionate
Organized
There for her students
Keeps students engaged
Connecting with Students
Good at communicating
Patient
Orderly
Original
Earns respect

Table 3
Participant Quotes from Categories about Teachers
Teachers Work Hard
“Teaching is a lot harder than I thought.”
“I’ve realized that the job of a high school teacher is a lot more difficult than I
imagined.”
“I have seen the demanding hard work the teachers do.”
Teachers Show Much Patience
“As few things I admire are her respectable nature, her patience and ability to
stay calm”
“Her ability to control a classroom is really admirable as well as her patience
with them”
“She rarely raises her voice and is very patient.”
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Two identified themes from the data analysis are:
1.

The MTJS participants developed an accurate perception of the challenges and
altruistic rewards of working as a certified STEM teacher with high school students
based upon their field experience.
2. The MTJS influenced the participant’s decision making in whether or not to pursue a
teacher certification.
The researchers then examined these two themes within the context of the research question
guiding this study, “How does the Master Teacher Job Shadow (MTJS) as an early intensive field
experience influence participant perception and desire to pursue a career in a STEM teaching
field?”
The variety of categories present in the student responses and reflection about the MTJS
indicate that the MTJS helped the participants form a more accurate perception of the demands of
a career in STEM teaching. An accurate perception of teaching not only helps the participants be
able to make more informed choices about their own career (Howes & Goodman-Delahunty,
2015), but also improves their ability as citizens to make informed decisions about education in
their communities and support positive narratives about public schools and public school youth.
Research by Marder et al. (2018) likewise indicates that accuracy of perceptions of STEM teaching
is a driver within STEM students to choose and persist within a teaching certification in their
undergraduate experiences. This is a critical aspect of the MTJS, especially within the current
political climate that often presents an overwhelmingly negative critique of public schools and
teachers, at times rationalizing decreasing state and federal funds provided to support those
schools.
Based upon these themes, our research findings indicate that the MTJS does indeed influence
participants perceptions of STEM teaching in a variety of ways, specifically how the participants
perceived high school students, classroom management, teachers, and teaching as a career. The
second part of the research question, that led us to examine if the MTJS influenced the participants,
“desire to pursue a career in a STEM teaching field” was examined using similar methodology but
adding descriptive statistics to identify participants who actually did persist to teacher certification
in the state of Texas.
MTJS Participants Desire to Pursue Teaching
Over a period of four years, only two participants out of 63 stated that the MTJS did not
influence their desire to either pursue or not pursue a STEM teaching career on a secondary level.
Seventy-nine percent of participants (50 out of 63 participants) communicated that the MTJS had
either increased or decreased their desire to teach. Specifically, 65% participants stated the MTJS
had increased their desire to teach, 14% said the experience decreased their desire to teach, 13%
indicated that the experience both decreased and increased their desire to teach, and 5% did not
explicitly communicate that information in their responses. The impact of the MTJS on desire to
teach was communicated to the researchers in all three different data sources and was presented as
a common category in all three of the researcher’s data analysis documents. This data is
summarized in Figure 1. Examples of the classification of student responses from the participant’s
journals are included in Table 4.
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Figure 1. Participant Responses about how MTJS Impacted Desire to Teach

Table 4
Examples of Coding Participant Responses about Desire to Teach.
Coded Category
Example participant responses
Increased participants desire to teach “By far this experience has increased my desire to
teach. I know all the work I will have to do but I
love helping all those students. This week was
absolutely amazing and I now know without a
doubt I will be a high school math teacher.”
Decreased participants desire to teach “This opportunity has been very helpful in
clarifying what I want to do. I know that I do not
want to be teaching high school.”
Mixed response about the desire to
teach

“This experience has and hasn’t increased my
desire to teach. The end of the day you feel so
rewarded by helping these kids.”

The MTJS had no influence on desire “I still have the same level of interest in teaching.”
to teach

These four categories and descriptive statistics arising from the data led the researchers to
conclude that these findings indicate that the MTJS as an early intensive field experience
influenced the participants ability to make a more informed decision about their choice either to
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pursue or not to pursue a STEM teaching career by allowing them to experience what it was like
to teach in a public STEM classroom setting.
The researchers matched MTJS participants with the TEA database of certified teachers to
determine which ones chose to pursue teacher certification after the job shadow experience. Of the
63 total participants, 29 names were matched in the TEA database. These names were also entered
into the online database of the State Board for Educator Certification to ensure that indeed these
individuals held a current certification in the state of Texas. This data is summarized in Figure 2.

Figure 2. Participants who Earned Texas Teacher Certification

We were able to determine that 46% of the MTJS participants went on to choose to pursue
teaching as a profession in the state of Texas, while 54% of participants had not pursued
certification at the time of this study. For comparison, only 1% of STEM majors at the primary
university feeding the MTJS choose and persist to achieving STEM teacher certification as
undergraduates, with another 9% certifying at some point after graduation.
It is important to note that certifying MTJS participants did not necessarily pursue teacher
certification at the same university where they were enrolled when they participated in the MTJS.
Of the 63 participants under consideration, 29 (46%) participants went on to obtain certification to
teach in the state of Texas, either at SFASU or at another institution or certification route. This
research finding does not indicate that the MTJS directly caused 46% of participants to pursue a
teaching certification in the state of Texas. However, based on our findings, we believe the MTJS
was certainly an important factor in the participant’s decision making to pursue a teaching career.
While we cannot say that participants’ choice to pursue teacher certification was due to their
participation in MTJS, we can say that 46% of the participants who experienced the MTJS did
persist to earning a teaching certification in the state of Texas.
In addition, we examined the interest levels of the participants and see if there was a connection
between the interest level and who did go on to certify to teach. We found that 70% of the
participants who communicated an increased interest in a teaching career, did actually go on to
pursue a teaching career. Equally important, of those who communicated mixed responses or those
communicating a decrease in their desire to teach, none of these participants chose to pursue a
teacher certification in the state of Texas, Table 5.
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Table 5
Relationship between participants’ description of the effect of the MTJS on their interest level and
participants’ actual certification to teach.
Number who
Persistence to
Interest Level
Number
Certification
Certified to Teach
Increased Desire to
Teach

41

29

70%

Decrease Desire to
Teach

9

0

0%

Mixed

8

0

0%

Same Desire to Teach

2

2

100%

No response

3

1

33%

Total responses

63

32

NA

These outcomes are important not only because of the twenty-nine teachers out of our sixtythree STEM major participants who did go on to pursue a STEM teaching career, but also because
of the nineteen STEM majors who did NOT choose to pursue a STEM teaching career.
Undergraduate STEM majors within our research study accurately indicated their desire to pursue
a STEM teaching career or not. Our research findings indicate that data collection combined with
an early intense field experience such as ours can accurately predict the STEM majors who will
NOT choose a career in STEM teaching. Our data collection during the MTJS was 100% accurate
in indicating which STEM majors did NOT choose STEM teaching as a career. As undergraduate
STEM majors attempt to establish a career path based on accurate information, the MTJS as a
recruitment and early intensive field experience was 100% successful in motivating nineteen out
of sixty-three participants to choose to NOT pursue a teaching career. Our results mirror the work
of Schaffer (2012) who found that the pre-service teacher perceptions of teachers and students
were greatly impacted by their involvement in an early intense field experience similar to ours.
Further research needs to be undertaken on how early field experiences such as the MTJS could
possibly impact teacher attrition, especially for novice teachers. In the state of Texas, the cost of
teacher turnover for beginning teachers is estimated to be $110 million per year (Texas Center for
Educational Research, 2000). How many STEM teachers who leave the field could be prevented
and how many millions of dollars could be saved if they had participated in an early intensive field
experience like the MTJS? If a recruitment and early field experience such as ours was
implemented in teacher certification programs for STEM teacher education programs, perhaps the
state of Texas and schools in our area could reduce the costs surrounding teacher turnover and
more accurately recruit and predict the number of STEM teachers entering careers in STEM
education.
Conclusion and Discussion
The survey results of Marder et al. (2018) indicate that “uncontrollable or uninterested
students’ was a concern in 41% of the 7,897 STEM undergraduate students they surveyed when
those students thought about high school or middle school teaching. In our research findings, our
MTJS field experience appeared to address those fears and concerns in many of our participants.
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Some participants even seemed to have certainly overcome the idea that as teachers they would
not be able to effectively manage apathy or misbehavior if it arises.
Marder et al. (2018) also stated that 20% of respondents indicated that altruistic motivations
such as inspiring students was an appeal of choosing a teaching career. Our findings indicate that
our participants were able to witness the altruistic nature of teaching and watch teachers inspire
and connect with students, likely increasing the appeal of teaching for this demographic. The
MTJS’s function as an early intense field experience and recruiting mechanism for future STEM
teachers was very successful based on our findings that 92% (58/63) participants stated explicitly
that the MTJS impacted their desire or lack of desire to teach either positively or negatively or
both. Providing early intense field experience and financially supporting individuals who are
considering a career in teaching seems to be essential for those individuals to reflect on and make
informed decision about their future career. Forty-six percent of MTJS participants achieved
teacher certification, and their persistence was influenced, at least in part, by their participation in
the MTJS. Finally, key to the MTJS is the idea that when participants experienced a week in the
life of a public school STEM teacher, they reflected in their journals about how hard the teachers
worked, how great the students could be, and how difficult the job of a teacher actually was. Hence,
it is reasonable to conclude that the MTJS increased the empathy and respect among the
participants for public school teachers and students, likely fostering a supportive and respectful
narrative for public schools in their social circles and communities.
Similar research findings were indicated by Luft et al. (2005) who examined participant’s
experiences in coursework that included early intensive field experience, they posited that the field
experiences were key to students choosing to continue their coursework in STEM teacher
certification. “Students who enjoyed the teaching experiences felt it confirmed their decision to
enter education” (Luft et al., 2005, p. 47) Schaffer (2012) stated in her research findings about
early field experience’s impact on perceptions of pre-service teachers, “After completing the
experience, their perceptions were less influenced by the media and to a greater extent based on
their own direct experience” (p. 46). Our findings also indicate that the actual experience of being
in schools for a week shadowing a teacher gave the participants accurate experiential knowledge
on which to base their future opinions about education and in our case, helped the participant build
the confidence to make a decision to pursue or not to pursue a career in STEM teaching. These
and other research findings indicate that early intensive field experiences are effective for allowing
pre-service teachers to understand the requirements and demands of a teaching career (DarlingHammond & Bransford, 2007). This corroborates the findings outlined in this study.
The research findings of Worsham et al. (2017) indicate that paid internships in informal
STEM settings are not effective for recruitment of future STEM teachers. In contrast, the findings
of this study indicate that a stipend for a week of actual immersion in the field of STEM teaching
was effective in encouraging the participants to pursue STEM teaching certification, thus
suggesting that an authentic, accurate and positive portrayal of STEM teaching (Marder et al.,
2018) supported by financial incentives does indeed effectively recruit future STEM teachers and
help them to strengthen their desire to persist to a STEM teaching career. Our results are supported
by Dewey’s theoretical framework of experience being a key to education and in our case the
ability of our participants to choose teaching as a career. Our results also align with the host of
research findings that posit the value and success of stipend based recruitment strategies, early
field experiences, and authentic connections to teachers in the field as a method of increasing
accurate teacher perceptions in our case helped facilitate and high rate of persistence to
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certification (Abell et al., 2006; Caires et al., 2012; Crisp et al., 2018; Darling-Hammond &
Bransford, 2007; Howes & Goodman-Delahunty, 2015; Hutchinson, 2012; Miller & Endo, 2005).
Limitations
This study was designed to examine the impact of the MTJS on the perceptions of STEM
teachers and their desire to pursue a career in STEM teaching. The MTJS is an early intense field
experience that was used to recruit future STEM teachers. One of the key limitations in this study
is that the individuals who applied to participate in the MTJS possibly would have pursued a career
in STEM teaching regardless of their experiences simply because they were potentially planning
a career in that field. In addition, the MTJS was funded by a grant from the NSF. For this
recruitment effort to be re-created on an institutional level, some funding source must be
established to replicate efforts such as this. While the stipend may not have impacted a participants
ability or motivation to participate in the MTJS, we believe that the stipend for the experience and
providing on campus housing for the MTJS was important to the participants because a majority
of students in our region come from lower income homes and often work full time during their
college experience, with 86 % of students receiving federal financial aid and 41% of student
receiving Pell grants (Niche, 2020).
While our findings cannot be generalized to every university or college setting for recruitment
of STEM teachers, our findings may help universities design and implement similar programs to
recruit STEM teachers. As the United States continues to experience a STEM teacher shortage
(Marder et al., 2018), hybrid recruitment/early intensive field experience programs such as the
MTJS can be a key factor in developing institutional commitment to recruitment of STEM
teachers.
Based upon our findings within this research, we recommend universities implement similar
early intensive field experience for recruiting and identifying potential STEM teachers outside the
confines of the typical academic semester. Our research findings indicate the MTJS allowed
participants to be better informed about the demands of STEM teaching and increases their ability
to be more confident in choosing whether, or not, to pursue a career in STEM teaching.
While this research is primarily focused on the participant experiences, the MTJS also
facilitated comradery and a community building experience for the local school districts, master
teachers, researchers, and participants. This community building has led to strengthened,
sustainable relationships between the university faculty and master teachers in the local public
schools. We are optimistic that as research on how early intense field experience is completed, the
results will continue to strengthen and build long-term reciprocal relationships in communities
between university faculty, pre-service teachers, and public-school teachers.
We recommend that universities, educator preparation programs, and STEM departments
collaborate to build a partnership with local public school STEM teachers in order to provide this
type of rich, rewarding recruitment and early intense field experience in order to improve the
accuracy of perceptions of STEM teaching in public schools, as well as increase confidence of
undergraduate’s who choose to pursue a career in STEM teaching.
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ABSTRACT
In this article, the authors describe an effort to recruit undergraduate STEM majors to
secondary STEM teaching through engaging them in an early field experience by which
the majors serve as peer advisors as part of a summer program for middle and high school
students. The authors report on longitudinal data indicating that a fair number of peer
advisors did go on to a career in teaching. Using qualitative data, the authors discuss how
the participants reflect on opportunities for professional identity development as part of
their experience in serving as peer advisors. Connections between these opportunities and
participants' decisions to pursue secondary STEM teacher certification are suggested.
Keywords: STEM Teacher Education; Teacher Recruitment

The persistent challenge of preparing enough highly-trained secondary STEM teachers has
been documented numerous times (Marder et al., 2017; Committee on STEM Education National
Science and Technology Council, 2013; Hutchinson, 2012). High-quality STEM teachers promote
greater interest and success of students in STEM (Marder, 2017). However, in low-income schools,
we see a shortage of such teachers (Aragon, 2016).
With recruitment a top priority for K-12 schools, teacher education programs across the
country have grappled with how to recruit strong STEM majors into their programs. STEM majors
are often not drawn to careers in teaching because of perceived low pay, heavy workload, and a
lack of opportunity for intellectual or professional advancement (Plecki et al., 2013). Financial
incentives in the form of scholarships, loan forgiveness, and stipends have mixed results in terms
of recruitment, with concerns about beneficiaries’ true commitment to and endurance in teaching
(Worsham et al., 2014). Despite the critical issue of recruitment of STEM teachers, research
studying STEM majors in college who choose teaching and what compels them to do so is lacking
(Coble et al., 2009; Luft et al., 2005).
Research examining what draws STEM majors to teaching, though thin, indicates that prior
experiences with schools or K-12 students contribute to undergraduate students choosing to teach
(Luft et al., 2005; Plecki et al., 2013; Ng et al., 2008; Hong et al., 2018). These studies find that
undergraduate STEM majors who had worked as tutors, mentors, or in other teaching roles with
K-12 students exhibited a greater commitment to becoming teachers (Luft et al., 2005). The
influence of such teaching experiences were most effective at generating interest in a teaching
career for those students who indicated an initial interest in teaching but were not currently enrolled
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in a teacher education program. In Luft, Fletcher and Fortney (2005), undergraduate science
students with varied interests in teaching were invited to take a field experience course designed
to recruit them into a science teacher education program. Students taught mini lessons in K-12
science classrooms as part of the course. They found that those students who enjoyed the field
experience indicated that it reinforced their initial commitment to teaching. Worsham,
Friedrichsen, Soucie, Barnett, and Akiba (2014) describe a recruiting program in the form of paid
internships for freshman and sophomore science majors. Students participated in informal teaching
opportunities in museums, nature centers, and other informal educational settings. Similarly to
Luft, Fletcher, and Fortney (2005), the researchers found that the science majors who were already
committed to teaching remained committed. Again, the students stated how the experience
solidified their desire for a career in teaching.
Some teacher education programs require that students have had some informal experience
with K-12 students before enrolling in a preservice teacher program. Ng, Lim, Low and Hui (2018)
describe how in Singapore, informal field experiences are required of preservice teacher education
students before they are officially admitted to the program. They contribute much of the low
attrition of Singaporean teachers to their early and substantial experience in schools. Kier and Chen
(2019) describe having preservice teachers visit high-needs schools as a cohort under the direction
of faculty to provide experience as well as to incite an interest in teaching in such schools. In both
cited cases, the students were already planning on teaching such that the emphasis of the early
experience was not on recruiting students but more on retention of students who already knew that
they wanted to teach. Ng, Lim, Low, and Hui (2018) argue that resilience is crucial in teacher
retention. As such, it is critically important to choose preservice teachers who have a true
commitment to teaching based solidly in experiences with students and schools. They point out
that even those students who are confident in their capability and desire to teach may drop out once
the difficulties of working with students, as well as other difficulties, are realized. McLaughlin
(2015) describes the benefits of having aspiring science teachers participate in family science
activities for K-12 students. Students with no prior experience instructing students in science
reported feelings of increased self-efficacy as future teachers after participating. Kier and Chen
(2019) talk about preservice teachers having abstract notions of what it means to be a teacher in
an urban school prior to student teaching that are mostly built on deficit notions, such as lack of
parental support and lack of resources. Experiences in a variety of urban school settings provided
students with a more nuanced understanding of urban schools (Kier & Chen, 2019). Early field
experiences have the potential to provide aspiring teachers opportunities to assess their
commitment and resolve to teaching by developing their important knowledge of school settings.
With an eye on recruiting a strong cadre of STEM secondary teachers, programs such as the
Robert Noyce Scholarship Program through the National Science Foundation (NSF) have offered
universities around the country funding in the form of scholarships to support STEM
undergraduates to become secondary STEM teachers. Students who receive funding must commit
to working in high-needs school districts in return for scholarships. NSF (2017) defines high-needs
districts based on the specifications in section 201 of the Higher Education Act of 1965 (20 U.S.C
1021). A high-needs district must serve as least one school that meets the following criteria:
a. a high percentage of individuals from families with incomes below the poverty line;
b. a high percentage of secondary school teachers not teaching in the content area in which
they were trained to teach; or
c. a high teacher turnover rate.
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In addition to providing universities scholarships for declared STEM preservice secondary
teachers, the Noyce program allows for funding for the recruitment of strong STEM majors early
in their college career in the form of summer stipends for students. In 2011, our university received
such a Noyce grant to help build our secondary mathematics teacher education program. As part
of the project, we provided summer stipends to freshman and sophomore STEM majors who
worked as Peer Advisors (PAs) in the Houston Pre-Freshman Enrichment Program (PREP) for
middle and high-school students held at our university. While we do not typically think of a peer
when describing someone who may be several years older both chronologically and academically,
this was the title given to the undergraduates from the inception of the program in the early nineties
when the school-age participants were largely juniors and senior in high school. When referring to
these undergraduate students, we will use PA.
Our goal for the summer program was to spark an interest in teaching by providing these
undergraduate PAs with a peek into secondary teaching through an early informal field experience.
We found that in looking at longitudinal data, a large portion of these students went on to pursue
careers in teaching, with some through a traditional undergraduate teacher education program and
others post-graduate. This article describes how students reported the role of the early field
experience in their decisions to pursue teaching.
Professional Identity Development
Izadinia (2013) remarks that our identity is a crucial piece of helping us decide goals and how
to reach them. She writes,
But, knowing what we want and who we dream to become impinges on knowing who we
are and where we are at the moment. In other words, it is our identity that helps us with
setting goals and shows us the route to take. Without making sense of our identities, we are
not able to achieve what we want effectively as we are not clear as to where we are headed
(pg. 694).

Teacher professional identity is widely accepted as a crucial factor in how teachers make
decisions about students, curriculum, professional development, and pedagogical actions
(Izadinia, 2013) as well as being linked to teacher self-efficacy (Hseih, 2016). Though widely
accepted as important, professional identity for teachers or teacher identity is not defined
uniformly across research. This lack of a single definition is likely due to the fact that professional
identity is multi-faceted and defined both broadly and explicitly depending on the body of research.
However, for this study we borrow from Ronfeldt and Grossman (2008), who adapt the
development of professional identity developed by others outside of education to teacher
education. They built on the work of Herminia Ibarra’s model for professionals in the workplace.
They write, “viewed through Ibarra’s framework, professional education is a place to begin the
iterative cycle of adaptation by providing opportunities to observe, experiment with, and evaluate
provisional selves as an explicit part of crafting a new professional identity” (pg. 43). As part of
this process of identity development, preservice teachers experiment with provisional selves,
defined as, “possible selves that are actually tried out in professional education” (pg. 43). These
temporary or transitional selves are tried on as preservice teachers interact with instructors,
coursework, mentor teachers, and students during field work, all while working towards
developing a professional identity to be better solidified as they transition into becoming full-time
classroom teachers.
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Ronfeldt and Grossman (2008) argue that teacher education is an ideal place for preservice
teachers to begin this process of observing, experimenting with, and developing a professional
identity. However, they leave out any discussion of what provisional selves might develop before
preservice teachers enter teacher education programs, other than to say that they do begin teacher
education with images of teaching, based on their experiences as students.
Teacher education programs are developed to help shape those professional identities based on
theory and practice. However, this happens after a student has decided that he/she will pursue
teaching. As Hong et al. (2018) suggest, beginning teacher identity formation research is robust,
including a small body of research going back to preservice teacher identity formation during
teacher education. Missing is literature on how professional identities develop among
undergraduate students before they enter into the teacher education program, including what
experiences contribute to these identities. Understanding what drives undergraduate students to
teaching in the first place has the potential to help us understand what makes them leave or stay in
the profession (Hong et al., 2018).
In this study, we explore how an informal field experience as a PA provided opportunities for
STEM undergraduate majors to develop a professional identity as a teacher, and an opportunity to
“try on” being a teacher before any formal teacher education.
Our specific research questions were:
1. To what extent did undergraduate STEM majors who worked as PAs in the Houston PREP
program go on to a career in teaching, especially for those who initially expressed an
interest in teaching?
2. How did working as a PA provide an opportunity for undergraduate STEM majors to
identify as a teacher?
With respect to this second question, published research in professional identity development
provided the theoretical lens through which we could analyze our data, and helped us to make
sense of what the undergraduate STEM majors described in terms of their experience as PAs.
Data Collection and Analysis

The PAs were undergraduates paid to serve as mentors for middle and high-school students
during a six-week STEM focused summer program. PAs did not have to express an explicit interest
in teaching but did have to be STEM majors who had taken mathematics through precalculus and
held at least a 2.5 GPA. As part of their duties, they attended classes with the students, helped the
class instructor who is a certified STEM teacher from a surrounding-area secondary school,
provided tutoring for the students, and facilitated a collaborative student project on an interesting
STEM problem. While not meant to be a formal field experience to be completed as part of a
traditional teacher education program, the PAs spent their days observing and assisting practicing
secondary teachers who were hired to teach in the Houston PREP program. PAs met regularly with
mathematics education faculty to discuss curricular materials, classroom management, and
pedagogical practices.
The Houston PREP program is 30 years old and has employed over 100 undergraduate STEM
majors as PAs over that time. In 2012, through our Noyce funding, we were able to further support
the Houston PREP program by funding PAs who were mathematics majors. In total, over seven
years, we funded 50 such PAs. To make our study more robust, we expanded our participant pool
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to not only include those 50 PAs who were supported from our Noyce grant in the years from 2012
to 2018, but to include PAs who worked with Houston PREP beginning in 2008.
Survey Data
For this study, we attempted to reach out to all of the PAs from 2008 to 2018. Of the over 100
undergraduate PAs that participated in the program for this 11-year period, we were able to find
updated email addresses for 54 of them. To answer the first research question we used Qualtrics
survey software to create a survey with a mix of multiple-choice and open-ended questions
regarding their experience working as a PA and its influence on their career choices. The multiplechoice questions asked about their current career, teacher certification status, and whether they
considered a career in teaching prior to being a PA. Open-ended questions asked them to talk about
the influence of working as PA on their decision to become or not become a teacher and to talk
about what they learned from the experience. The survey was sent to all 54 PAs with working
email addresses. We received responses from 35 participants, which we examined in hopes of
finding a connection between working as a PA and pursuing a career in teaching. The results that
we share later in this paper are from those 35 participants.
Journal Entries
To address the second research question, we analyzed journal entries from eight PAs who
participated in a separate study that we conducted during the summer of 2012. Each of these eight
PAs responded to the survey, as well, so that we had both their journal data as well as the
longitudinal data. During the summer of 2012 the PAs kept journals about their experiences and
submitted the entries at the end of the summer. Through that initial analysis, we discovered that
the PAs began to see themselves more in the role of the teacher throughout the summer. This initial
finding helped us to form the second research question: How did working as a PA provide an
opportunity for undergraduate STEM majors to identify as a teacher? We did a secondary analysis
on the original journal entry data. Secondary analysis of existing data can help with a deeper
examination of complex issues, especially when the secondary analysis is conducted by the same
researcher who did the original analysis (Sherif, 2018). To answer the research question, we
analyzed the journal data, using the professional identity framework (Ronfeldt & Grossman, 2008)
looking for indications of a developing teacher professional identity. Each of the eight participants
submitted five separate journal entries for a total of 40 different journal entries. Ronfeldt and
Grossman (2008) describe three elements of developing a professional identity as a teacher:
observation, experimentation, and evaluation. The journal entries were analyzed individually by
each author for indications of the three elements. We then looked across our individual analysis
for agreement that the PA was describing an activity that matched one of the three professional
identity activities described by Rondfeldt and Grossman (2008).
Limitations
We recognize the limitations to our study that is based solely on self-reported data. Self-report
data asking participants to assess and report on their own behaviors can be biased and unreliable
(Devaux & Sassi, 2016). There is a human tendency to present oneself favorably (Karpen, 2018).
While this is a potential problem for research using self-report data, having our participants reflect
on their interest in teaching before, during, and after the Houston PREP experience provides
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important information about what influences undergraduate STEM majors to ultimately decide to
seek teacher certification.
In addition, the two authors worked closely with the Houston PREP program each summer as
mentors to the PAs. As such, we recognize that our closeness to both the overall project and to the
individual students is a potential bias. Including participants from previous summers, when we did
not work with the program hopefully mitigates some of the bias.
Results and Discussion
Survey Data
The survey data was used to answer the first research question, “To what extent did
undergraduate STEM majors who worked as PAs in the Houston PREP program go on to a career
in teaching, especially for those who initially expressed an interest in teaching?” Results from the
following items on the survey were used to address this question:
•
•
•
•

If you have graduated, what is your current career? (Open-ended)
Prior to Houston PREP, did you ever consider a career in teaching? (Yes or No)
Do you presently have a teaching certificate or are you working towards certification? (Yes
or No)
Did your experience in Houston PREP influence your feelings about becoming a teacher?
(Yes or no) Why or Why Not? (Open-ended)

Of the 35 participating in the program and who responded to our survey, 20 of them (57%)
were either currently teaching, working towards teacher certification, or anticipated pursuing
alternative certification at the time of the survey. Of those 20, 16 (80%) indicated that they had
considered a career in teaching before being a PA, and 17 (85%) said that the experience had an
influence on their choosing to pursue a career in teaching. In the open-ended portion of the survey,
these participants who reported that they were interested in teaching before becoming a PA said
the following about the PA experience:
“Now I am more positive that I want to be a teacher”
“It reinforced the feeling”
“My experience with the students helped determine whether I could see myself working
with students in that age range.”
“I realized I liked helping students learn challenging material.”
“Even though I was a PA I observed the teacher and how they would teach and engaged
with students. I also learned how to talk to students and build a positive relationship with
them.”
“It gave me an insight of what it is like to work with such a big group of students.

Journal Entries
Journal entries were used to answer the second research question, “How did working as a PA
provide an opportunity for undergraduate STEM majors to identify as a teacher?” Using the
professional identity framework described by Ronfeldt and Grossman (2008), we tried to
understand what the PAs were experiencing during this early field experience. We developed
codes that aligned with the three components of the professional identity framework. The three
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components of the professional identity framework are observation, evaluation, and
experimentation. Each author combed through the journal entries using the codes. We then
compared each of our individual results and came to an agreement which we share below. To
protect the identity of the participants, we use a pseudonym for each participant in the results
described below.
Observation of Professionals. Ronfeldt and Grossman (2008) discuss how preservice
teachers often look to practicing teachers to identify features and characteristics of the type of
teacher they would like to be one day. They also identify characteristics of practicing teachers that
they see as undesirable. Our data indicated a similar finding. The peer mentors talked about
watching the teachers during class and made clear statements regarding what they would do and
would not do as a teacher. One peer mentor, Kora, said:
First period (problem solving) was with Mrs. Collins, she was very straight with them at
first, making them feel a sense of strictness, which is good. After a while she spoke a bit
about herself and started to use humor. She attempted to learn everyone’s names right
away. I see that this is important because it will make the student feel (important?), or
recognized as an individual instead of just another student called ‘You there in the back.’
Second period (Engineering) was with Mr. Urly, well...I suppose he has his ways of
teaching in what I wouldn’t want to follow. He’s pretty strict, even I felt a bit scared.

Kora then described how Mr. Urly began teaching immediately by lecturing while drawing
images on the whiteboard. She mentioned that the students were confused.
Another PA, Dhara, described one of the teachers she worked with, Mr. Davis.
During problem solving, Mr. Davis keeps them engaged in the problems which they love
to solve because they get so involved in them and are so interesting. Mr. Davis gets them
new problems every day which they enjoy a lot. He makes sure he gets the students to
speak up of their ways of solving the problem. This makes the kids share their point of
view in the class.

Both Kora and Dhara not only identified what they viewed as positive and negative
characteristics of the teachers; they also observed the pedagogical practices and the students’
responses to these practices. This recognition of the pedagogical practices and not just the
personality of the teacher is something that Ronfeldt and Grossman (2008) do not see in their
participants early on and suggest that it is because they have few opportunities in teacher education
to see practicing teachers actually practicing as teachers. Our findings suggest that the peer mentors
were using the opportunity to be able to look beyond personality traits to see how these traits play
out in terms of practice and student learning.
Experimenting with Evaluation. Experimenting with being a teacher is a second important
component to developing a professional identity as a teacher. Ronfeldt and Grossman (2008)
couple experimenting with evaluation and define it specifically as opportunities to get feedback
from professionals. They write:
As novices encountered a range of practitioners, they began to catalogue both desired and
feared selves to piece together a makeshift image of the kind of professional they hoped to
become. But untested images of what may be possible were not enough to prepare novices
for new roles….It is one thing to have a clear and elaborated vision of a possible self and
quite another to actually enact that vision (pg. 49).
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The PAs in our study had daily opportunities to try out strategies with actual middle and high
school students, and we saw evidence of their experimentation throughout. Sometimes they were
able to receive feedback from the teachers in the classroom. Other times, we saw them reflecting
on the consequences of this experimentation. Dhara described an episode in a mathematics class
where she was trying to help students with a difficult concept. She wrote:
The kids started working on their problems and I was going around I realized some of them
were having difficulties. I went ahead and helped them understand it and get the answer.
But when the instructor solved the problems on the board, they were done in a different
way and many of the students had followed that way. I then informed Mr. Davis about me
showing a different way to the kids. After that, Mr. Davis made me show the way to the
class. The thing I noticed was that none of the kids knew what I was actually doing. That
moment, I realized that it is not possible that the way I follow to solve problems is the same
way that everyone follows. The main realization for me then was that to be a mentor I
should first try and understand what the student’s way is to solve the problems. Try to
understand what they are doing is right or wrong and then guide them to the right path
rather than enforcing my ways on them.

Dhara was able to try out a pedagogical practice with the support of the teacher but realized on
her own the limitations to her approach. Kora described a self-realization moment after she tried
to change her discipline approach with the students. She wrote:
I think I’m too lenient with them so over the weekend I thought about how I could control
my class better. On Monday I acted a bit stricter and my humor definitely stayed home. I
tried to keep a straight face and be a bit more demanding from the students to be good but
I felt weird. I felt like I wasn’t me and I was unhappy. I’m usually smiling and joking
around with the students and I think they noticed that I was acting differently. This didn’t
work, the class was just awkward and I felt uncomfortable being the mean teacher.

Another PA, Gabriela, wrote in her journal about an idea that she had after grading assignments
for a computer science class:
When I gave the results back to the professor he told me that he was going to curve the
grades. That’s when my AWESOME idea hit me. I told the professor not to give free points
to the students when they didn’t deserve it. So I told him to make the kids write the question
they got wrong and the answer to the question on a paper, that way they could go over the
test and see what question they got wrong and to find the answer. And I think that is a good
idea because if they don’t go over the test they will no know what questions they got wrong
or the answer….The professor agreed with me, he even told me that the idea was really
good and that he was going to tell the students to do it.

Another PA, Denise, described an approach she tried with a particular difficult student. The
student was admittedly disruptive during one of the classes, but Denise felt that the teacher was
being unnecessarily hard on the student. She wrote:
It is a bit obvious and he [the teacher] does not hesitate to announce to the class how he
feels about him [the student]. I constantly have to be on him [the student] to stay quiet or
calm down. Currently I am trying some positive reinforcement and praising what he does
good and trying not to get too upset when he is disruptive.

Denise recognized a problem between the teacher and the student, and came up with a solution
on her own in hopes of rectifying what she sees as a problematic relationship between the student
and the teacher. We see other examples of peer mentors working around the teacher and engaging
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directly with the student to address a problem, especially when the peer mentor sees an issue with
the teacher.
Conclusion
Our survey data indicates that the majority of the undergraduate STEM majors in our study
went on to pursue a career in teaching, and most of those already had some desire to be a teacher
before participating in the summer enrichment program. These findings support what other studies
have indicated—that the early field experience assured those students who intended to teach that
they did in fact want to become a teacher (McLaughlin, 2015; Luft et al., 2005; Worsham et al.,
2014). This is an important finding, given that retaining undergraduate STEM majors who have
an interest in teaching is as important as recruiting those majors who did not indicate an interest
(Ng et al., 2018). With STEM secondary teacher education programs looking to recruit more
STEM majors to the field of teaching, this study indicates that tapping into freshman and
sophomore majors who indicate an interest in teaching and providing them with an early field
experience is a promising direction for growing their program. Designing programs that provide
STEM students with an opportunity to experiment with teaching could help with recruitment and
support of preservice STEM teachers. Our study indicates how the experience of working as a PA
gave the STEM majors an opportunity to begin to develop a professional identity as a teacher
through observing, experimenting and evaluating -- three important components of professional
identity development (Ronfeldt & Grossman, 2008). Of the eight undergraduate students who
submitted journal entries, seven of them are currently working as teachers or pursuing jobs in
teaching. For many of them, working as a PA was their first experience in a classroom not as a
student. For example, Kora, a current high school mathematics teacher, noted in her reflection after
the summer, “I came into [program name] unprepared, I had a blank slate of experience and
knowledge about teaching and dealing with an actual classroom full of students.” By the end of
the summer, she said confidently, “I believe every student can learn and so I will share my
knowledge and be that teacher that never gives up on their students. I do want to return to [school
district] and give back to my community in every way I can.” Most of the PAs indicated that the
experience helped them to develop a sense of self-efficacy and the feeling that they could actually
be a teacher one day.
With a few exceptions, most of those PAs surveyed, who indicated that they were not interested
in teaching initially, did not indicate a change in opinion after the experience. This finding fits
with other research on recruitment (Luft et al., 2005). Yet, one PA, Gabriela, did change her mind.
At the end of the summer, her journal entry indicated that while she enjoyed working as a PA, she
was planning on being a computer scientist. After working as a programmer for a short time,
Gabriela is now a mathematics teacher who completed alternative teaching certification. In her
survey, she reported that the experience in Houston PREP did influence her decision to go into
teaching. Though rare, Gabriela’s experience raises an interesting direction for future research in
terms of understanding how and why STEM professionals change careers and move into STEM
teaching.
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ABSTRACT
The efforts to integrate science, technology, engineering, and mathematics (STEM) in K12 education have been increasing to help student learning and enhance 21st-century skills.
The integrated STEM approach not only has pedagogical effects but also helps students
prepare for STEM-related careers (ITEEA, 2020; NRC, 2012). Integrated STEM education
is grounded in authentic, situated, and contextual learning, where Community of Practice
plays a critical role. However, although educators and researchers have advocated
Community of Practice as an important concept for learning, empirical research on
Community of Practice within the integrated STEM context is limited. Additionally, how
integrated STEM Communities of Practice are unique or not compared to other
Communities of Practice and how these integrated STEM Communities of Practice
function in the integrated STEM context have not specifically been researched yet.
Therefore, the authors reviewed empirical studies focusing on Community of Practice in
the integrated STEM context to identify the unique features of integrated STEM
Community of Practice and its impacts on integrated STEM education. The results show
the cross-disciplinary and interdisciplinary nature of the integrated STEM Community of
Practice and suggest that building partnerships within and across Communities of Practice
is critical in integrated STEM education. This review will help teachers and educators,
especially of secondary education, understand the integrated STEM Community of
Practice and guide them to establish Communities of Practice with experts and community
partners to advance teachers’ knowledge and skills and self-efficacies in teaching
integrated STEM.

Keywords: Community of Practice, integrated STEM education, systematic literature
review, situated learning, socially shared learning, K-12 education

Communities of Practice are “groups of people who share a concern or a passion for
something they do and learn how to do it better as they interact regularly” (Wenger, 2011, p.1). The
concept of Community of Practice is related to socially shared practice, apprenticeship, and
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situated learning theory (Lave, 1991; Wenger, 2011), which indicates that learners can construct
knowledge and metacognitive abilities through situated learning and socially shared practices
(Brown et al., 1989; Collins et al., 1991; Lajoie et al., 2001; Levine & Marcus, 2010).
Although Community of Practice has been advocated among educators and researchers,
research on Community of Practice in an integrated STEM context is limited. Therefore, the
authors reviewed empirical studies focusing on the Community of Practice especially in the
integrated STEM context in hopes to identify: 1) the unique features of the integrated STEM
Community of Practice compared to other Communities of Practice, 2) its impacts on integrated
STEM education, and 3) the ways integrated STEM Communities of Practice have been infused
into the integrated STEM context.
The theoretical framework for this study was AUTHORS’ (2016) A conceptual framework for
integrated STEM education. In the framework, Community of Practice was the core concept as a
facilitator for a successful implementation of integrated STEM curriculum. Within the framework,
the current systematic literature review further investigated Communities of Practice in an
integrated STEM context, where not only students but also teachers, researchers, STEM experts,
and other community partners can be the members as learners as well as mentors. We hope that
the findings will help educators and policymakers understand integrated STEM Communities of
Practice and guide them to create real-life STEM contexts by establishing Communities of Practice
with STEM experts and local community partners, where teachers can enhance knowledge, skills,
and self-efficacies in teaching integrated STEM (AUTHORS, 2016).
Research Questions
This review was guided by the following research questions:
1) What is Integrated STEM Community of Practice?
2) What are the impacts of Community of Practice on integrated STEM education?
Literature Review
Integrated STEM Education
The contemporary STEM education movement demands science, technology, engineering, and
mathematics (STEM) to be taught not in silos but in an integrative way (National Council of
Teachers of Mathematics [NCTM], 2000; National Research Council [NRC], 2009, 2011, 2012;
Wang et al., 2011). Integrated STEM requires curriculum integration across disciplines to teach
different STEM domains simultaneously and engage students in a meaningful context (Moore &
Smith, 2014; Radloff & Guzey, 2016; Sanders, 2009; Wang et al., 2011). According to Kelly and
Knowles (2016), integrated STEM education can be defined as “the approach to teaching the
STEM content of two or more STEM domains, bound by STEM practices within an authentic
context for the purpose of connecting these subjects to enhance student learning” (Kelley &
Knowles, 2016, p. 3).
This integrated STEM education has the potential to increase students’ interest in STEM
learning and problem-solving abilities. Dugger (2010) posited that “Integration of science,
technology, engineering, and mathematics into a new cross-disciplinary subject in schools… offers
students a chance to make sense of the integrated world we live in rather than learning fragmented
bits and pieces of knowledge and practices about it” (p. 2). However, teachers face difficulties in

63

Journal of STEM Teacher Education

Volume 56, Issue 2, Fall 2021

integrated STEM implementation as they lack professional knowledge to integrate STEM
disciplines appropriately and establish a balance among content areas (Dare et al., 2018; Kertil &
Gurel, 2016; Ntemngwa & Oliver, 2018). Moreover, finding quality materials and instructional
strategies to integrate engineering and science practices is another challenge for many teachers
(Guzey et al., 2016; Kelley & Knowles, 2016). To overcome the challenges, teachers need
opportunities to engage in professional development, where they can build STEM knowledge,
confidence, and practices necessary for this approach (Kelley & Knowles, 2016). In an integrated
STEM professional development, teachers can practice collaborative teaching and develop a
strong knowledge base to make connections across the disciplines (Ejiwale, 2013; Kertil & Gurel,
2016; Thibaut et al., 2018; Kelley et al., 2020).
Situated Learning
Kelley and Knowles (2016) noted that “most content in STEM can be grounded within the
situated cognition theory” (p. 4). In the situated cognition theory, knowledge transfer occurs when
students are exposed to authentic, coherent, meaningful, and purposeful activities (Brown et al.,
1989).
In science education, the real-world applications are critical in promoting scientific inquiry,
which cannot be achieved solely by the knowledge transmission from the teacher to students
(National Research Council, 1996). Specifically, problem-based learning enables learners to
engage in a real-life context, where they can apply conceptual knowledge to a new, continued
situation (Brown et al., 1989; Lajoie et al., 2001). When students are provided with real-life
problems, their scientific reasonings are enhanced while defining the problem, developing the
hypothesis, collecting and analyzing data, developing and testing the solution, and evaluating their
solution and problem-solving processes. The Standards for Technological and Engineering
Literacy (STEL) also require students to “experience a process similar to what scientists,
technologists, and engineers often engage in when approaching a real-world problem” through
participating in making and doing practices (ITEEA, 2020, p.72).
The integrated STEM approach aims to find relationships between different STEM subjects
and provide a relevant context for learning the contents (Kelley & Knowles, 2016). In their
framework for integrated STEM education, Kelley and Knowles (2016) remarked about integrated
STEM situated learning with engineering design as a critical factor like the following:
Often when learning is grounded within a situated context, learning is authentic and
relevant, therefore representative of an experience found in actual STEM practice. When
considering integrating STEM content, engineering design can become the situated context
and the platform for STEM learning” (Kelley & Knowles, 2016, p.4).

Community of Practice
Situated learning, Community of Learners, and Community of Practice are all connected
within the cognitive theory. Using a pulley metaphor, Kelley and Knowles (2016) posited that
situated learning in integrated STEM (load) can be lifted by Communities of Practice.
“The idea of a community of learners is based on the premise that learning occurs as people
participate in shared endeavors with others, with all playing active but often asymmetrical roles in
sociocultural activity” (Rogoff, 1994, p.209). Similarly, cognitive apprenticeship promotes social
interactions in knowledge construction by exposing learners to a collaborative learning
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environment, where learners can observe, practice, and scaffold knowledge (Brown et al., 1989;
Collins et al., 1991; Lajoie et al., 2001). The term cognitive apprenticeship supports contextdependent situated learning and emphasizes “learning in a domain by enabling students to acquire,
develop, and use cognitive tools in authentic domain activity” (Brown et al., 1989, p.39).
On the other hand, Community of Practice is a term created to refer to the “community that
acts as a living curriculum for the apprentice” (Wenger, 2011, p. 4). In a Community of Practice,
people share expertise and passion for joint attention, and both novices and experienced
practitioners can facilitate learning while observing, discussing, and actively engaging in shared
practices (Levine & Marcus, 2010).
A Community of Practice is a collection of people who engage on an ongoing basis in some
common endeavor. Communities of Practice emerge in response to common interest or
position and play an important role in forming their members’ participation in, and
orientation to, the world around them. Therefore, it provides an accountable link between
the individual, the group, and place in the broader social order (Eckert, 2006, p.1).

In education, both teachers and learners are recommended to participate in shared practices in
a Community of Practice as sociology of learning is an important element that should be
considered for successful teaching (Collins et al., 1991). According to Kelley and Knowles (2016),
integrated STEM education can be an ideal context to create a Community of Practice for teachers
and students. In particular, the members of a Community of Practice in integrated STEM contexts
often cross boundaries between the disciplines.
The teaching and learning of a school subject discipline can be regarded as a Community
of Practice whose core members are the subject’s teachers and students. Participation and
reification are the daily activities inside and outside the classrooms. An overarching STEM
pedagogy deals with more than one Community of Practice (Science, Technology,
Engineering, Mathematics), thus forming a bigger Community of Practice, and some
members of these communities have multiple memberships. A primary task to develop a
dynamic STEM pedagogy is to study how the Communities of Practice interact with and
cross each other’s boundaries (Leung, 2020, p.3).

In summary, increasing teacher awareness towards integrated STEM and their self-efficacy in
teaching STEM through a Community of Practice is critical in integrated STEM education (Kelley
et al., 2020; Knowles, 2017; Nadelson & Seifert, 2017; Nadelson et al., 2012; Yoon et al., 2012).
By increasing teacher self-efficacy, teachers’ comfort level and motivation to teach STEM content
will also increase (Nadelson et al., 2012).
Method
For the systematic review, online databases Educational Resources Information Centre (ERIC)
and Google Scholar were used. The search string used was: “Integrated STEM education” AND
“Community of Practice”.
A total of 648 journal articles, theses, dissertations, and conference proceedings were queried
in the first search from the databases.

Table 1
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Search Terms and Initial Limiters
Search Terms

Databases

Limiters

Integrated STEM Education

ERIC

Community of Practice

Google Scholar

Scholarly articles, conference proceedings,
dissertations, and theses
Published in 2016-2020

In the second step, many articles were removed following the inclusion and exclusion criteria
(Bartholomew & Yoshikawa, 2018) (Table 2). Next, abstract screening was done, and conceptual
and theoretical articles and review articles were removed, and only empirical articles were left.
Lastly, articles irrelevant to the topic, Community of Practice in Integrated STEM Education, were
removed through the full-text screening.
A total of 10 final pertinent articles remained at the end. Table 2 demonstrates the inclusion
and exclusion criteria, and Figure 1 displays the screening process.
Table 2
Inclusion and Exclusion Criteria
Inclusion Criteria

Exclusion Criteria

Peer-reviewed

Published in other languages

Full-text available from the database

Review articles, Conceptual and theoretical articles

Published in English

Content is irrelevant of the topic, Community of
Practice in Integrated STEM Education.

K-12 education
Empirical papers (Abstract screening)

The review followed the basic steps, which include organizing the studies, analysis within
studies, and analysis across studies (Miles & Huberman, 1994; Petticrew & Roberts, 2003). All
articles were carefully reviewed first, during which many themes emerged. The reviewers
established codes from emerging themes, and each article was coded for further analysis. While
establishing the codes, the reviewers considered Thibaut et al.’s (2018) nine categories of
instructional practices, which were identified from a systematic review of 23 articles, and Margot
and Kettler’s (2019) pre-established codes that were developed for their systematic literature
review (see Table 3).
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Figure 1. Flowchart for Screening Process. Modified from “The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
explanation and elaboration,” by A. Liberati et al., 2009, Copyright 2009 by the Elsevier Inc.
Table 3
Codes for the Current Systematic Review
Thibaut et al. (2018)’ nine
categories of instructional
practices

Margot and Kettler’s (2019) four preestablished codes with refined subcodes

Established codes for
the current systematic
review

STEM content integration

Teachers

Content integration

Focus on problems

Professional development

Design-based leaning

Inquiry

Prior experiences with STEM

Inquiry-based learning

Design

Working in collaborative teams

Project-based learning

Teamwork

Time (not enough)

Student-centered

Knowledge of STEM disciplines

Hands-on

Teachers’ value of STEM education

Problem-based learning
(Authentic real-world
problem)

Assessment
st

21 Century skills

District

Situated learning
21st Century skills

Support System
Assessments
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Structural issues
Students

Collaboration
Community engagement

Student struggles

Professional development

Enjoyment of STEM
Student concerns
Curriculum
Cross-curricular integration
Application activities
Curriculum materials
STEM pedagogy

Result
This section systematically reviews the articles with the following research questions: 1) What
is Integrated STEM Community of Practice? and 2) What are the impacts of Community of
Practice on integrated STEM education?
All articles were purposefully selected from experimental studies about integrated STEM
education. Authentic contexts and diverse Communities of Practice were identified from all
studies.
Table 4 displays a brief overview of the articles and demonstrates authentic contexts and
Communities of Practice identified from the studies. Table 5 summarizes all the articles and
provides more specific information about the studies.
Table 4
Overview of the Articles
Authors

Country

Participants (n)

Community of
Practice

Authentic Context

Burrows et
al., 2018

USA

Middle school female
students

Girl Scout
participants, leaders,
parents, university
faculty, graduate
students, and others

Informal educational
setting (Girl Scout)

Holmlund et
al., 2018

USA

STEM/ non-STEM
teachers,
administrators, STEM
professional
development providers

Teachers,
administrators,
STEM
professionals,
parents, district
administrators

Traditional middle schools,
a STEM-focused school,
and state-wide STEM.

Teachers from
STEAM schools

STEAM teachers

Two STEAM specialized
high school communities

Jho et al.,
2016

South
Korea
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Online professional
development

Kier &
Khalil, 2018

USA

Two STEM teachers

Teachers, engineers,
and university
STEM teacher
educators

Collaborative learning with
professionals using digital
platforms (students)
Online professional
development (teachers)

McCollough USA
et al., 2016

Pre- and in-service
mathematics and
science teachers

Pre- and in-service
teachers, university
faculties, scientists

Authentic situated
professional development

Yuenyong,
2019

Thailand

STEM teachers

Teachers,
professional, school
administrators

Authentic professional
development across the
nation

AUTHORS,
2020

USA

STEM teachers

Teachers, university
faculties, local
industry partners

Authentic professional
development

Leung, 2019 USA

Seventh grade
mathematics teachers
and students

Mathematics
education
researchers and
teachers

Tool-based Mathematics
learning in a science
laboratory

Livstrom et
al., 2019

Survey participants
(teachers,
administrators, and

Teachers, Local
community

Alternative formal
education setting
(Montessori middle
School)

Teachers, Local
community

Rural secondary schools

USA

curriculum specialists
engaged in Montessori
middle school science)
Lotter et al.,
2020

Rural secondary
teachers

USA

Authentic professional
development in a rural area

Table 5
Summary of the Articles
Title

Integrated STEM: Focus on Informal Education and Community Collaboration
through Engineering (Burrows et al., 2018)

Abstract

Students experienced open-ended complex integrated STEM project (water quality
river project) in an informal, authentic educational setting (i.e., Girl scout).
Researchers as leaders and community partners formed a Community of Practice
for student learning.

Data collection

Observational field notes, focus groups, artifacts collection
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Results

Community members’ knowledge and interests improved student learning in
authentic, integrated STEM.

Discussion

Impact of participating in an informal, authentic STEM context and community
engagement on student learning

Title

Making Sense of “STEM Education” in K-12 Contexts (Holmlund et al.,2018)

Abstract

The educators’ conceptualizations of STEM education were analyzed from their
concept maps and interviews after they experienced one of the three different
learning contexts: two traditional middle schools, a STEM-focused school, and
state-wide STEM.

Data collection

Concept maps, interviews

Results

Both context and role group contribute to STEM educators’ conceptions.

Discussion

Conceptualizations of educators across roles and contexts will inform STEM
education implementation in local and larger contexts.

Title

An Analysis of STEM/STEAM Teacher Education in Korea with a Case Study of
Two Schools from a Community of Practice Perspective (Jho et al., 2016)

Abstract

Observation data from two STEAM (STEM + Art) schools were analyzed from a
Community of Practice (CoP) perspective.

Data collection

Interviews, video records (lesson, observation), teacher documents

Results

The two communities showed a mutual relationship, mutual engagement, and
shared repertoire.

Discussion

This study contributes to STEAM teacher education by providing practical
implications from the successful implementation of STEAM teachers.

Title

Exploring How Digital Technologies Can Support Co-Construction of Equitable
Curricular Resources in STEM (Kier & Khalil, 2018)

Abstract

The case study investigated how professional engineers supported STEM teachers
in designing instructions for real-world problems and “contextualized careerrelated engineering design challenges” by using an online collaboration platform.

Data collection

Field notes, descriptive notes from online discussion, student and teacher artifacts
(i.e., blog), etc.

Results

The Community of Practice (CoP) provided multiple sources for collaboration, and
the teachers used digital technologies to communicate with professionals.

Discussion

The case study highlights the need for the co-construction of career-related STEM
lesson plans instructions with engineers.

https://ir.library.illinoisstate.edu/jste/vol56/iss2/6
DOI: https://doi.org/10.30707/JSTE56.2.1649165366.299501

70

Journal of STEM Teacher Education

Volume 56, Issue 2, Fall 2021

Title

Improving Secondary School Grades STEM Teacher Content Knowledge and
Pedagogical Practices through a School-University Partnership (McCollough et al.,
2016)

Abstract

To increase math and science teachers, authentic situated professional
development was implemented through a University-School District partnership.

Data collection

Pre/post content tests for teachers, teacher survey, and standardized test for
students

Results

The program showed positive impacts on teacher self-efficacy and outcome
expectancy.

Discussion

The importance of engaging teachers in authentic practices in professional
development with a Community of Practice

Title

Lesson Learned of Building Up Community of Practice for STEM Education in
Thailand (Yuenyong, 2019)

Abstract

The paper discusses building Communities of Practice in integrated STEM
education by addressing professional development implemented across Thailand.

Data collection

Informal conversations

Results

The professional development program established a big Community of Practice
across the nation.

Discussion

Building partnership among teachers and schools administration for
STEM education is critical for STEM education reform.

Title

Increasing High School Teachers Self-efficacy for Integrated STEM Instruction
Through a Collaborative Community of Practice (AUTHORS, 2020)

Abstract

STEM teachers implemented integrated STEM lessons they developed during
professional development and benefitted from a Community of Practice.

Data collection

Pre/post survey of teacher self-efficacy

Results

STEM teachers increased self-efficacy after professional development and
implementing integrated STEM lessons in their classrooms.

Discussion

How to establish Communities of Practice for STEM teachers incorporating
industry partners and university faculties need to be further researched.

Title

Exploring STEM Pedagogy in the Mathematics Classroom: a Tool-Based
Experiment Lesson on Estimation (Leung, 2019)
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Abstract

Boundary crossing within the STEM context was explored through a project
developed by researchers and teachers, in which inquiry-based learning and
mathematical modeling were integrated.

Data collection

Classroom observation field notes, teacher and student interviews, video
record of lessons, student-produced materials, and audio recordings of the
Community of Practice meetings

Results

The integration of inquiry-based learning and mathematical modeling was evident
in the student work.

Discussion

Boundary crossing between disciplines needs to be further explored in the STEM
education context.

Title

Integrated STEM in Practice: Learning from Montessori Philosophies and
Practices (Livstrom et al., 2019)

Abstract

A survey was conducted to investigate how Adolescent Montessori science
programs are implemented in an interdisciplinary way.

Data collection

Surveys

Results

Adolescent Montessori education program is well situated and happens in
authentic, meaningful ways in Communities of Practice.

Discussion

Integrated STEM situations that happen naturally like Montessori need to receive
attention for educational reform in STEM.

Title

Rural Teacher Leadership in Science and Mathematics (Lotter et al., 2020)

Abstract

Rural secondary science and mathematics teacher leadership was investigated
during a three-year professional development program to identify the relationship
between teacher leadership and student learning.

Data collection

Interviews

Results

Teachers gained new content knowledge through professional development, which
enhanced their leadership and benefitted their students and other teachers in
districts.

Discussion

Connections between teachers and local communities and building Communities
of Practice are critical for teacher leadership and student learning.

Integrated STEM Community of Practice
Cross-disciplinary Community of Practice, community engagement, collaboration, and
professional development emerged as common themes that describe integrated STEM Community
of Practice. The uniqueness of the integrated STEM Community of Practice based on these themes
will be addressed in this section.
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Cross-disciplinary Community of Practice. From the systematic review, the Crossdisciplinary Community of Practice (Livstrom et al., 2019, p. 197) was identified as the most
noticeable feature of the integrated STEM Community of Practice.
All integrated STEM Communities of Practice in the reviewed articles were identified as crossdisciplinary, and the members, including teachers and other professional members, shared
knowledge and skills in a cross-disciplinary way. For example, in Communities of Practice,
teachers plan, implement, and assess their instruction of subjects outside of their disciplines with
support from peers and experts. Doing so relieve their anxieties about the new teaching strategies
(Jho et al., 2016). Additionally, teachers’ participation in the cross-disciplinary Community of
Practice is expected to increase their self-efficacy in teaching STEM (AUTHORS, 2020; Livstrom
et al., 2019; McCollough et al., 2016). In line with this, McCollough et al. (2016) remarked that
“pre- and in-service teachers should be provided with extended experiences, frequent feedback
and a strong, supportive professional learning community reinforced with structured mentoring to
increase both knowledge and efficacy in STEM instruction” (p.57).
Interconnections between Communities of Practice were also identified in some studies. The
articles show that community members often crossed communities and participated in other
Communities of Practice to build successful conditions across communities in STEM education
(Jho et al., 2016; Kier & Khalil, 2018). In Jho et al.’s (2016) study, two communities shared
educational materials and project outcomes, and teachers could participate in the other
community’s professional development as instructors to share their knowledge and skills.
Finally, while discussing integrated STEM and the cross-disciplinary nature of Community of
Practice in this context, Jho et al. (2016) and Leung (2019) emphasized the concept of boundary
crossing (Jho et al., 2016; Leung, 2019). According to Leung (2019), “boundary pedagogy
crossing the four disciplines… opens a new direction to interpret what STEM education is (Leung,
p.1356).
Community Engagement. Community engagement is described as critical factor in integrated
STEM education (Burrows et al., 2018; Holmlund et al., 2018; Jho et al., 2016; Yuenyong, 2019).
Integrated STEM projects often entail partnerships with STEM professionals, including
researchers, university faculties, professional engineers, and scientists. Other community members
such as school parents (Burrows et al., 2018) and local industry partners (AUTHORS 2020) also
play an important role for the successful implementation of integrated STEM. All these members
participate in Communities of Practice as instructors, mentors, or supporters. Stressing the impact
of these Communities of Practice, Burrows et al. (2018) remarked that “hearing voices from the
field allows a community to solve real-world problems, learn STEM concepts, and advance
traditional K-12 learning together” (p.13).
Collaboration. Collaboration and sharing ideas are specific aspects of Community of Practice.
The reviewed articles revealed that integrated STEM Community of Practice entails
interdisciplinary connections, which involves collaboration necessarily. This interdisciplinary
collaboration characterizes the cross-disciplinary Community of Practice, which is addressed
above.
Specifically, Jho et al. (2016) proposed mutual engagement, joint enterprise, and shared
repertoire as the three dimensions of Community of Practice and discussed that not just the
members in a Community of Practice but members of different Communities of Practice also could
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work together for the shared goals. Practically, some articles revealed collaborations between the
Communities of Practice for the same problem-solving (Jho et al., 2016; Kier & Khalil, 2018).
Projects in authentic contexts and authentic situated real-world problems were also identified
from all the reviewed articles. The members of the Community of Practice collectively contributed
to the projects and collaborated for the successful implementation of integrated STEM. For
example, in Holmlund et al.’s (2018) study, “Teachers collaborated across the school year to
develop their own interdisciplinary, project-based curricula and used overarching themes to
integrate the humanities and STEM disciplines” (p.5).
Inherent in problem- and project-based learning are opportunities for student growth in
twenty-first-century skills such as collaboration, critical thinking, creativity,
accountability, persistence, and leadership (Buck Institute 2018; Partnership for 21st
Century Skills 2013). These [integrated STEM] projects often encompass partnerships with
STEM professionals and other community members who can help students make
connections between school learning, problem-solving, and careers (Holmlund et al., 2018,
p.3).

Therefore, building partnerships among teachers and school administration is critical for
STEM educational reform (Holmlund et al., 2018; Yuenyong, 2019). For this purpose, it is
imperative to provide multiple platforms for the members to communicate in. Some articles
revealed that online communications in a Community of Practice expand the opportunities of
collaboration (Kier & Khalil, 2018; Jho et al., 2016). According to Kier and Khalil (2018), “Within
the Community of Practice, it was important for digital technologies that allow communication be
flexible to allow for multiple modes of communication and different times depending on the
preferences of individuals in the community” (p.117).
Professional Development. The Community of Practice approach is applied to integrated
STEM education professional development to enhance teachers’ interdisciplinary knowledge and
instructional skills (Holmlund et al., 2018; Jho et al., 2016; Kelley et al., 2020; Kier & Khalil,
2018; McCollough et al., 2016; Yuenyong, 2019). In a Community of Practice in integrated STEM
professional development, participants promote team collaboration, communication skills, and
self-efficacy (Kelley et al., 2020; McCollough et al., 2016).
A mentoring system was also identified in the integrated STEM professional development
(AUTHORS, 2020; Kier & Khalil, 2018; McCollough et al., 2016). During professional
development, participant teachers received feedback from the community of STEM professionals
while learning and practicing new skills (Holmlund et al., 2018; Kelley et al., 2020). “As teachers
gained new content and pedagogical knowledge, they felt empowered to share this knowledge with
others at their schools and districts” (Lotter et al., 2020, p.41).
Kelley et al. (2020) posited that quality integrated STEM professional development instruction
should include “science inquiry and engineering design experiences, and collaborative approaches
to situate learning within a Community of Practice, [where] novices and experts work together…
to learn and connect STEM content and skills” (p.2).
Impact of Community of Practice on Student Learning in Integrated STEM
From the systematic review, Community of Practice was confirmed to be critical in integrated
STEM education. As noted in the previous section, the integrated STEM Community of Practice
is cross-disciplinary, where members from multiple disciplines collaborate for the shared goals.
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In the reviewed articles, Communities of Practice exist in the form of communities of learners
or communities of practitioners and novices, and both students and teachers benefit from
participating in a Community of Practice together or separately (Leung, 2020). As noted earlier,
collaboration, community engagement, and professional development emerged as key concepts
for Community of Practice, and teachers benefit from this cross-disciplinary community of
practice in the integrated STEM context. Community-driven learning and cross-disciplinary
connections, which also characterize the integrated STEM Community of Practice, also contribute
to students’ STEM learning.
For the second research question, “What are the impacts of Community of Practice on
integrated STEM education?” the reviewers confirmed that all aspects of situated learning in
integrated STEM benefit from collective efforts of Community of Practice. Particularity, the
empirical studies in the reviewed articles revealed important factors in integrated STEM education
as content integration, design-based learning, inquiry-based learning, project-based learning, and
authentic, real-world problem-based learning; all these factors were identified to benefit from
integrated STEM Community of Practice.
Figure 2 depicts the summary of the systematic review of the ten articles, which shows that
Community of Practice facilitates situated learning in integrated STEM.

Figure 2. Community of Practice as a Facilitator for Situated Learning in Integrated STEM.
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Conclusion
The aim of this study was to identify the unique features of the integrated STEM Community
of Practice and its impacts on integrated STEM education. The results show the cross-disciplinary
and interdisciplinary nature of the integrated STEM Community of Practice and suggest building
partnerships within and across Communities of Practice for integrated STEM education.
In the reviewed articles, the authentic situation was described as the key element of integrated
STEM and Community of Practice in this context. This result relates to previous literature that
learning is situated and context-dependent and that knowledge transfer occurs when learners
engage in authentic problem-solving activities embedded within a situation. As many researchers
noted, socially-shared learning is supportive of a collaborative and situated learning environment
(Brown et al., 1989; Collins et al., 1991; Lajoie et al., 2001), and this can be applied to an integrated
STEM education context.
Additionally, professional development, communication among members, and community
engagement were all identified as critical components of the integrated STEM Community of
Practice. Regarding the impacts of Community of Practice on integrated STEM education, the
articles show that the members of the integrated STEM Community of Practice contributed to
student learning by enhancing teacher collaboration, instructional skills, and their self-efficacy in
teaching STEM. Students also benefitted from participating in integrated STEM Community of
Practice with teachers, STEM professionals, and other community members, who helped students
“make connections between school learning, problem-solving, and careers” (Holmlund et al., 2018,
p.3). This finding supports previous literature that the practice in a community is a dynamic process
that involves everyone (Wenger, 2011).
From the systematic review, we suggest McCollough et al.’s (2016) key elements of the
professional development model as fundamental factors to be considered for the integrated STEM
education Community of Practice, which include: (1) a strong partnership between a school district
and institution of higher education, (2) collaboration between educators and STEM professionals,
pre-and in-service teachers, (3) a professional development and mentoring program designed
around the school district’s adopted course of study and the educational standards, (4) the
integration of community resources, (5) a partnership with pre-service and in-service teachers and
district administrators with STEM higher education faculty, (6) the development of teacher
leaders, and (7) a comprehensive evaluation program (p. 50).
In summary, as we mentioned above, building partnership within and across the Communities
of Practice is critical to advance student learning in integrated STEM. Therefore, we need to
support teachers in establishing a Community of Practice where they can enhance STEM
knowledge and skills and construct connectedness to the professional careers in authentic STEM
contexts. We hope this review will help teachers and educators, especially of secondary education,
understand the integrated STEM Community of Practice and guide them to establish Communities
of Practice with experts and community partners to advance teachers’ knowledge, skills, and selfefficacies in teaching integrated STEM.
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